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r 4HE delta of the Atrato River in northwest- 
| em Colombia exhibits physical features 
h permit recognition of recent changes in 
“landforms, hydrography, and vegetation. 
getation in the delta is zoned in accordance 
th drainage conditions, salinity of water, soil 
and age of the land surface. Each of 
s factors has been subject to change as the 
la accreted. However, there is a time lag 
tween changes in these factors and vegeta- 
) a change. For example, the natural levees 
ain a distinctive vegetation that retains its 
ignostic characteristics long after the dis- 
bat ies along which it was formed have 
ased to function. Therefore, levees stranded 
|backswamps can be identified by their 
tation for many years after they have been 
jandoned by distributaries. The same holds 
ie for point bars, mud flats, beaches, and 
swamps. Since there is also a close agree- 
between extent of vegetation communi- 
pe landform units, the vegetation becomes 
‘important key in the study of the physical 
inges that have occurred in the delta in the 
nt past. 
his paper explains some of the ways in 
th the vegetation may be used to assist the 
horphologist in unravelling the details of 
recent history of deltas as exemplified by 
@ Atrato Delta. A vegetational approach to 
e study of deltaic development has been too 
utilized by geomorphologists. It is hoped 
at this paper will focus attention on a valu- 
# tool for the field investigation of land- 
ims in deltas. 


| THE NATURAL SETTING OF THE DELTA 


the delta of the Atrato River is located on 
Z Southwest side of the Gulf of Uraba 


(Darién) between latitude 7° 56’ N. and 8° 
16’ N. The apex of the deltaic plain is located 
about twelve river miles downstream from the 
settlement of Sautata where Cafio Uraba, the 
first upstream distributary of the Atrato, 
departs for the sea (see Fig. 1). North of this 
point four main distributaries leave the river 
but each in turn bifurcates into two or more 
smaller distributaries. The major distributary 
arms are referred to locally as cafios, while the 
smaller branches from them are called bocas 
(mouths). The Atrato has four main distribu- 
tary systems and about twenty mouths. 

The delta occupies a mangrove and palm 
zone in a climate that is transitional from rain 
forest to savanna. Insufficient data make it 
difficult to classify the climate of the delta. 
Observations of the monthly rainfall are avail- 
able for the years 1931-39 inclusive, 1948, and 
1952-54 inclusive. Temperature data are 
available for the years 1935-40, only. On the 
basis of this inadequate record it appears that 
about 8.25 percent of the rain for the year falls 
during the months of January, February, and 
March, the dry season. The mean annual rain- 
fall is 72.33 inches. This contrasts greatly with 
the inland stations in the Atrato Valley where 
there is no dry season and the mean annual 
rainfall is in excess of 350 inches. 

The delta forms a coastal lowland belt 
bounded on the south by an anticlinal uplift 
that extends from the mountains on the Pana- 
manian border across the lower valley of the 
Atrato in the vicinity of Sautata. On the west 
the lowland comprising the delta terminates 
against the mountainous mass along the bor- 


1 This paper is the result of field work supported by 
the Office of Naval Research, Geography Branch, 
Project NR 388-059, Contract Nonr-454(O0O). 
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der between Panama and Colombia. Eastward 
the Gulf of Uraba separates the deltaic coast 
from the low hills of the mainland. The Gulf 
of Uraba is an incursion of the sea into the 
northern end of the Bolivar Geosyncline, and 
the delta forms an extension of the alluvial fill 
of the Atrato into the gulf. 

South of the delta the swampy lowland of 
the Atrato Valley extends along a depression 
between the Cordillera Occidental on the east 
and the Serrania de Baudo on the west. The 
depression roughly follows the axis of the geo- 
syncline. The Atrato receives large quantities 
of water from rainfall and run-off from the sur- 
rounding mountains. Consequently, its valley 
contains large, shallow lakes connected to one 
another and to the river by a maze of swamps 
and channels. The lakes are called ciénagas 
by the inhabitants of the valley. According to 
informants questioned in Quibdé, a town of 
the upper valley, rainfall is so evenly distrib- 
uted in the upper valley throughout the year 
that these ciénagas show no seasonal fluctua- 
tions. Below Rio Sucio it was observed in the 
field and confirmed by local inhabitants that 
the lakes are subject to fluctuations in size, 
shrinking appreciably during the dry season. 
During the summer rainy season when the 
writer visited the area, the ciénagas had coal- 
esced forming one vast flooded swamp in the 
lower valley. However, even at this time there 
was considerable fluctuation in the position of 
the shorelines of ciénagas between rains. Cién- 
agas are connected to the Atrato by narrow 
channels across the natural levees. Soundings 
with a lead line thrown from a boat revealed 
that these connecting channels are frequently 
deeper than the ciénagas, which may indicate 
that they were formed by crevassing during 
floods. It was observed that ciénagas can be 
differentiated from other areas in the back- 
swamps by the vegetation that grows in them. 
They contain low-growing aquatic plants, 
grasses, and vines in contrast to the swamp 
forest that covers the less completely inun- 
dated areas of backswamp. 


PREVIOUS INVESTIGATIONS IN THE 
ATRATO VALLEY 
The Atrato Valley has been an object of 
exploration since its discovery by Spaniards at 
the beginning of the 16th century. However, 
scientific investigation of the valley has been 
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limited to the period since the middle of the 
19th century when it became the proposed 
route of an interoceanic canal. During this 
period it has been visited by several expedi- 
tions with the object of assessing its value as 
a canal route. In addition several articles have 
been published containing references to the 
geological aspects of the valley. These latter 
papers contain the most accurate information 
available on the Atrato Valley. 

The earliest scientific geography survey of 
the Atrato country was performed by J. C. 
Trautwine? who produced the first useful 
maps of the delta. He was followed by Lt. N. 
Micheler,* who made a detailed topographic 
survey of the Atrato and Truandé valleys in 
1860. Lt. Frederick Collins‘ mapped and sur- 
veyed the Atrato and Napipi valleys in 1875, 
and Lucien N. B. Wyse® explored and mapped 
the southern part of the Isthmus of Darién and 
the Atrato Delta in 1876-77 in connection with 
a French scheme to construct an interoceanic 
canal. Wyse produced the most accurate map 
of the delta prior to the survey of the U.S.S. 
Bushnell in 1938.° 

All of these surveys added significant details 
to the geographical knowledge of the Atrato 
lowland. However, they were mainly engi- 
neering surveys which paid little attention to 
the geomorphic aspects of the Atrato valley or 
delta. On the other hand they are useful 
to anyone interested in the geomorphology 





*“Rough Notes of an Exploration for an Inter- 
oceanic Canal Route by way of the Rivers Atrato and 
San Juan in New Granada, South America,” Journal 
of the Franklin Institute, Vol. LVIL (1854), 145-54, 
217-31, 289-99, 361-73; Vol. LVIII (1854), 1-11, 
73-84, 145-55, 217-26, 289-99. 

3“Report of Lt. N. Micheler. corps of topographical 
engineers, of his survey for an interoceanic ship canal 
near the Isthmus of Darién, via the Atrato and Tru- 
and6 Rivers, called for by a resolution of the Senate 
June 5, 1860,” Senate Executive Document, No. 9, 
Vol. 7, 36th cong., 2d sess., 1860-61 (Washington, 
1861). 

*“Report of the Survey of the Proposed Route of an 
Inter-oceanic Ship Canal by Way of the Atrato, 
Napipi, and Doguadé Rivers,” Senate Executive Docu- 
ment, No. 75, 4th cong., 3d sess., June, 1875 Wash- 
ington, 1879). 

*“L’Exploration de L’Isthme du Darién en 1876- 
1877,” Bulletin de la Societé de Geographie ( Paris, 
1877), 6th series, Vol. 14, pp. 561-80. 

®Data gathered during the Bushnell survey are 
unpublished with the exception of the information 
which appears on H. O. Chart 5694. The US Navy 
Hydrographic Office made the complete results of the 
survey available to the writer. 
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because many soundings and other measure- 
ments were made, and conditions in the del- 
taic channels and over the river mouth bars 
were carefully described. The maps made by 
these surveyors are very useful in a study of 
changes that have taken place in the delta, 
since they record the positions of the shore 
line and distributaries at various times in the 
recent past. 

The works of Hubach,’ Troll,* and Nygren® 
have raised a basic question about the struc- 
tural nature of the Atrato Valley. Hubach and 
Troll have maintained that the valley occupies 
the geosyncline as far as Sautata. They see 
the lower part of the valley below Sautata as 
a separate structural province unrelated to the 
geosyncline. Their work predates oil explora- 
tion in the valley. Therefore, they had to rely 
on surface geology, and were not familiar with 
subsurface conditions. Nygren, with access to 
subsurface geologic data, has shown very 
clearly that the Atrato Valley occupies the 
Bolivar Geosyncline throughout its length, and 
that the Miocene axis of the geosyncline is 
continued beneath the present valley and into 
the Gulf of Uraba. Nygren pictures the geo- 
syncline as consisting of highs and basins. The 
ridge of basement rock that crosses the lower 
Atrato Valley in the vicinity of Sautata is con- 
sidered by him to be one of the highs. 


THE ATRATO RIVER 


According to all of the surveys cited above 
the Atrato is characterized by great fluctua- 
tions in volume in its lower course. At low 
water during the month of February at Rio 
Sucio the depth of water in the channel is 50 to 
55 feet,” while at high water in the summer 


7 Enrique Hubach, “Apreciation de los proyectos 
de canal interoceanico por el Napipi y por el Truandé, 
segun puntos de vista geologicos,” Boletin de Minas y 
Petroleo, Vol. Ill (1930), pp. 15-34; “Informe geol- 
ogico de Uraba,” Boletin de Minas y Petroleo, Vol. IV 
(1930), pp. 26-136. 

* Carl Troll, “Die geologische Verkettung Siid- und 
Mittel-amerikas,” Mitteilungen der Ceographischen 
Gesellschaft in Miinchen, Vol. XXIII (1930), pp. 53- 
76. 

*W. E. Nygren, “The Bolivar Geosyncline of North- 
western South America,” Bulletin of the American 
Association of Petroleum Ceologists, Vol. 34, part 2 
(1950), pp. 1998-2006. 

© Information on depths during the dry season is 
taken from an average of the reports of the various 
surveys, while the depth during the rainy season was 
measured by the writer by use of a regular navy 
sounding lead thrown by hand. 
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floods it is 80 to 84 feet. No measurements of 
current speeds or discharge have ever hee, 
made in the Atrato, but estimates of curren: 
speeds at mean low water have been made for 
the main channel below Rio Sucio." The ayer. 
age of these estimates is three knots. The 
speed of the current is undoubtedly much 
higher during floods. The average width of 
the river between Rio Sucio and Sautat§ j 
about 1100 feet at mean low water and about 
1500 feet at bank-full stage.’ 

The Atrato does not carry a suspended load 
proportionate to its volume. This may be 
stated on the basis of two observations: (1) 
the slow rate at which the delta advances in 
the Gulf of Uraba, and (2) the small size of 
the natural levees. An important factor gov- 
erning the load of the river is the straining 
effect of the ciénagas. This was determined 
by measurements of load carried out in four 
ciénagas. A bucket attached to a strong rope 
line was used to dip water from various depths 
in the streams before they entered the 
ciénagas. Outflows from the ciénagas were 
similarly investigated and it was found that 
the water flowing out of ciénagas contained 
much less silt than that flowing into them. 
Every tributary entering the Atrato in its 
lower course must flow through these flooded 
backswamps before its waters enter the main 
stream. A large portion of the load of the 
tributaries is deposited in the ciénagas before 
reaching the Atrato. 

The building of delta-like deposits in ciéna- 
gas, a process that appears to take place ata 
much greater rate during high water, is impor- 
tant in adding to the alluvial deposits of the 
Atrato Valley. Sizeable deltas were observed 
in the ciénagas investigated where the tribu- 
tary streams enter them. Since there is little 
evidence in the form of cut-off meanders and 
abandoned channels that the Atrato has been 
a shifting stream wandering over its valley 
floor by developing numerous meander belts, 
the process of delta-building in the ciénagas 
has probably been a major way in which 
the alluvium of the lower valley has been 
deposited. ; 

The Atrato, like other alluvial rivers flows in 
a valley characterized by natural levees, back 

1! Special Report of the Governor of Panamé Canal 
on the Atrato-Truandé Canal Route (Canal Zone, 
1949), p. 4. 

12 [hid., p. 4. 
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swamps, and terraces. It differs from those 
rivers that flow through regions with less rain- 
fall by having tributary deltas and more or 
less permanently flooded backswamps. The 
natural levees of the Atrato are also very inter- 
esting because of their small size. Compared 
with the levees of the Mississippi they are 
smaller than the difference in volume of the 
two rivers would indicate. This is partly 
caused by the relatively small load of the 
Atrato. 

The Atrato might be classed as a meander- 
ing stream from Quibdd, a town of the upper 
valley, to the mouth of the Opogodo (see Fig. 
1), since it presents an S-shaped channel pat- 
tern fashioned in alluvial materials in this 
portion of the stream, and is more or less free 
to shift the position of its channel and adjust 
the shape of its channel cross-section in accord- 
ance with local factors controlling meandering. 
Matthes"® has isolated five variables, which 
seem to him to be basic factors controlling 
river meandering. These variables are: (1) 
valley slope, (2) bedload, (3) discharge, (4) 
bed-resistance, and (5) transverse oscillation. 
A river meanders when a state of equilibrium 
is reached in regard to these five factors. Any 
change in any one of them that tends to upset 
this equilibrium results in an inhibition of the 
meandering tendency. 

In the lower Atrato three factors seem to be 
at least partly responsible for the lack of 
meandering: (1) change in valley slope, (2) 
change in the character of the bedload, and 
(3) change in the nature of the bank materials. 
The valley slope of the Atrato from Quibdé to 
Rio Sucio is about one foot to the mile; below 
Rio Sucio only six inches to the mile. If the 
valley slope is adjusted to meandering in the 
river above Rio Sucio, as seems to be indi- 
cated by observation and measurement (made 
by the canal survey of the Governor of the 
Panama Canal), a change in this slope in 
either direction (increase or decrease) would 
probably result in a change that tends to 
inhibit the meandering tendency. Samples of 
the bedload of the river were collected by the 
writer above and below Rio Sucio and it was 
found that the bedload is of smaller grain size 
in the lower river. This reduction of grain size 

e: G. H. Matthes, “Basic Aspects of Stream Mean- 
ders, Transactions of the American Geophysical 
Union, Vol, 22 (1941), p. 632. 
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may have an inhibiting effect on meandering 
in the lower part of the river. Another and 
perhaps more important cause of reduced 
meandering below Rio Sucio is the nature of 
the bank materials. Analysis of bank materials 
collected below Rio Sucio indicates that clay 
of a very stiff consistency composes the banks. 
Bank materials collected by hand augering 
in the middle part of the river were composed 
of silts and fine sands. The more resistant 
bank materials of the lower river prevent the 
development of meanders. The one extreme 
bend in the lower course of the river is caused 
by a projection of the basement rock which 
outcrops in a hill at that point. 


THE GEOMORPHOLOGY OF THE ATRATO DELTA 


Since the object of the field study was to 
investigate the geomorphology of the Atrato 
Delta much more detailed field work was per- 
formed there. Trimetrogon aerial photography 
of the delta on a scale of 1:30,000 was sup- 
plied by ONR, and these photos were used in 
the field. In addition to the photos, the field 
party was equipped with a Brunton com- 
pass, tape measure, shallow boring equipment 
capable of penetrating 60 feet below the sur- 
face, and a standard lead line for soundings 
both in the Gulf of Uraba and in the channels 
of the Atrato. 

The apex of the deltaic plain of the Atrato 
is located where the Cano de Uraba or Léon 
bifurcates from the main stream. However, 
the present active delta, that part of the del- 
taic plain where sedimentation is now actively 
extending the delta seaward, is located at the 
gulf shore some 60 river miles to the north. At 
present the greatest portion of the discharge of 
the Atrato is entering the sea through El Roto 
mouth (see Fig. 2), and the major amount of 
delta-building is also taking place there. 
Though all cafos are carrying some portion of 
the discharge, the delta is extending seaward 
very slowly everywhere except at El Roto 
(compare Figs. 2 and 3). 

The Cano de Tarena, the main distributary 
of the Atrato until about 1898, is all but 
extinct today. It is being gradually filled with 
aquatic plants and becomes shallow very rap- 
idly below El Roto. The velocity of the cur- 
rent flowing through it is quite feeble, and it 
is being invaded by the sea. Waves have 
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greatly widened the Tarena mouth and are 
destroying the bars there. 

The second most important portion of the 
discharge of the Atrato is flowing to the sea 
via Cafw de Urab4é at the mouths of which 
new land is accumulating more rapidly than 
any other place except El Roto (compare Figs. 
2 and 3) 


Of the other distributaries Barbacoas is car- 


rying the least sediment, but about the same 
proportion of the discharge as Coco Grande. 
Very little new land is forming at the mouths 
of either of these distributaries, but Coco 
Grande has somewhat more than Barbacoas. 

Landforms in the delta consist of new mud 
flats, natural levees, backswamp basins, point 
bars, round lakes, beach features, and flan 
depressions. The new mud flats are develop- 
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of Bahia de Candelaria. 


ing around mouths where active deposition is 
taking place. These are very conspicuous fea- 
tures because they are devoid of vegetation in 
the early stages of their formation. Most of 
the new mud flats are located around El Roto 
mouth, where Bahia de Yerba Sal is being rap- 


idly filled with Atrato sediment (see Figs, 2 
and 3), The levee break that formed El Roto 
occurred in 1898, when wave erosion from the 
Gulf of Uraba so weakened the natural levee 
along Cano de Tarena that it would no longer 
hold against the current of the river in flood 
















Since that time deposition around the new 
mouth has separated the Bahia de Yerba Sal 
from the gulf except for a narrow passage just 
north of El Roto (see Figs. 2 and 3). 

The southern end of the Bahia de Yerba Sal 
was open to the Gulf in 1938 and contained 
three-fourth of a fathom of water (Fig. 2 illus- 
trates conditions at that time). At present this 
opening is almost entirely closed by a bar that 
isolates Bahia de Yerba Sal from the Gulf of 
Uraba at low tide. Soundings along the one 
fathom line of 1938 made during the summer 
of 1954 showed only three feet of water in the 
southern part of the bay. 

The natural levees of the delta are low 
banks that extend seaward along distributary 
channels gradually isolating portions of the 
sea that become bays. As long as a particular 
mouth is active these bays are filled with sedi- 
ments by crevassing through the natural levees 
during floods. Once sedimentation ceases 
along the distributaries or becomes so reduced 
that it cannot keep pace with wave erosion 
from the gulf, the bays are enlarged by wave 
action and the shore is driven landward. 
Should one of these bays become a deep 
indentation in the coast, crevassing along the 
lower course of distributaries on either side of 
the bay may build a bar of sediment across 
the bay mouth. The bay then becomes a lake 
that gradually freshens, though it may main- 
tain a connection with the sea for some time. 
The lake will gradually fill with sediment and 
organic matter, but this is a slow process. 

The Ciénagas de Mantantugo, lakes between 
Cafios Pavas and Barbacoas (see Fig. 2) 
were formed by the process described above. 
Another such round lake exists between Cafios 
Barbacoas and Uraba that maintains a connec- 
tion with Cafio de Uraba (see Fig. 2). Still a 
third round lake occurs in the great bend of 
the Cafio de Barbacoas that is not connected 
with any cafio at present. These three lakes 
represent various stages in the process of lake 
formation. The Ciénagas de Mantantugo are 
the youngest of the three, the lake connected 
with Cafio Uraba probably the next youngest 
because it is still connected with the cafio, and 
the third lake is probably the oldest because 
it is completely isolated. 

The entire delta appears to have been 
formed by the filling of bays between distribu- 
tary arms in the manner described above. At 
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present only one of the bays along the deltaic 
shoreline is filling, Bahia de Yerba Sal, 4) 
other bays are being enlarged by wave attack 
a situation that will continue until anothe 
major break-through of the El Roto type 
occurs. 

Small depressions exist on both sides of the 
main Atrato deposition, which until 189 
included the land between Pavas and Urabj 
mouths. South of Pichindi, Bahia Grande js, 
depressed area as in Bahia de Yerba Sal on the 
north (see Fig. 2). Borings to a depth of sixty 
feet were sunk around the shores of Bahia de 
Yerba Sal and they showed beach sands sep. 
arated by silt accumulations throughout the 
whole depth of the borings. This indicates 
that there may have been some subsidence. 
Further evidence indicating possible subsid- 
ence can be found north of Bahia de Yerba 
Sal. Between the north end of the bay and the 
present shoreline north of the bay a series of 
stranded beach ridges are being encroached 
upon by the waters of the bay from their land- 
ward side. At the extreme northern end of the 
bay beach ridges may be seen under water. 
The depth of the water over these ridges was 
measured with a lead line and found to be5 
to 6 feet deep. Since there is no wave action 
in the bay, and probably hasn't been any since 
1877 when it is first shown on maps as shel- 
tered from the Gulf of Uraba by a sand spit, 
it was concluded that the drowned beach 
ridges are possible evidence of slow sub- 
sidence. 

Subsidence is somewhat more apparent in 
the Bahia Grande area, since no sedimentation 
is taking place there as at the southern end of 
Bahia de Yerba Sal. The position of the one 
fathom line was determined by soundings 
along the entire extent of the delta shore dur- 
ing the summer of 1954. In Bahia Grande the 
one fathom line was found to be about 500 
yards farther offshore than it was in 1938 
when the Bushnell survey was made. Further- 
more, there are many more islands in the 
unnamed island district along the southwest 
shore of the bay than there were in 1938. This 
might indicate nothing more than wave ero 
sion if it were not for the fact that depths are 
slightly more than one fathom greater in the 
island district than they were in 1938. 

Only two stretches of beach are found along 
the seaward face of the delta: the Playa de 
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Barbacoas and the Playa de Tarena (see Fig. 
2). Both of these beaches are narrow and flat 
and composed of very fine sand. They are 
located near river mouths where very fine 
sand is being discharged, and are also in 
places where the waves from the Gulf of 
Uraba and the open sea are free to break 
against the shore at a slight angle to the source 
of sand supply. The waves transport the. sand 
along the shore for short distances by beach 
drifting and wave-formed longshore currents. 
Sand from Boca de Pavas has been thus spread 
along Playa de Barbacoas, and sand from Boca 
de Tarena and wave abrasion of the coast to 
the west has been similarly spread along Playa 
de Tarena. The rest of the deltaic shore is 
formed of mud, silt, or organic accumulations. 


THE VEGETATION OF THE ATRATO DELTA!* 


The Atrato Delta contains four major vege- 
tation types that serve to differentiate terrain 
types in the delta and are especially valuable 
as photo interpretation keys (see Fig. 4). The 
zone along the seashore within the tidal range 

o The identification of plants collected by the 
writer was done at the Instituto de Ciencias Naturales, 


Bogota, Colombia. through the courtesy of Dr. 
Armand Dugand, director. 


is occupied by the mangrove plant community 
(Fig. 5). The principal plants of this com- 
munity are Rhizophora mangle (mangle colo- 
rado ), Laguncularia racemosa (mangle bobo), 
and Muellera frutescens (mangle humo). 
Mangle colorado and mangle bobo are trees 
20 to 30 feet high forming conspicuous ele- 
ments of the vegetation in the tidal zone, while 
mangle humo is a less conspicuous shrub or 
low tree with an almond-like seed and purple 
flower. The undergrowth of the mangrove 
zone is composed of Pavonia racemosa (mar- 
villa), Hibiscus tiliaceus (marjagua de playa), 
Drepanocarpus lunatus (uia de gato), Dal- 
bergia ecastophyllum, and Rhabdadenia_bi- 
flora. 

The natural levees are covered by a very 
distinctive vegetation. The dominant plants in 
the levee community are Raphia taedigera 
(pangana), Pentaclethra macroloba ( capi- 
tancillo), and Pachira aquatica (saladero). 
The pangana is a palm with large, coarse, 
drooping fronds and is the most conspicuous 
tree of the delta (see Fig. 6). The capitan- 
cillo occurs less frequently along the levees, 
but is very striking in appearance. In the 
delta it is a tree that reaches 50 feet in height 
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Fic. 6. Pangana community along Cafio de Barbacoas, The palm in the center with the coarse fronds 
is Raphia taedigera. 
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and has large elongate white flowers, and 
small, lacy, light-green leaves. It is a member 
of the family Leguminosae and belongs to that 
section of the family usually designated as 
Mimosaceae. When the tree is not in flower it 
resembles the familiar mimosa. The saladero 
is a tree 30 to 50 feet high in the delta, but 
elsewhere in South America it reaches some- 
what greater heights and is popularly referred 
to as the Guinea chestnut. Its flowers with 
their long, showy stamens make this a most 
conspicuous tree. There are many other plants 
on the levees in the undergrowth but it is the 
trees described above that give the levees their 
special vegetative character. 

Between the cafios or brazos in the zone of 
filled ciénagas two plant communities are 
especially prominent. In the area farthest 
removed from the stream channels, where the 
round lakes are found, grasses and spiny 
shrubs are the dominants of what will here- 
after be called the grass and sedge community. 
Surrounding this low growth and separating it 

the pingana community is a belt of 
higher growth composed of several palms and 
shrubs hereafter called the palm community. 


Cabeza de negro palm of the palm community. 


The major palms of this community are Phy- 
telephas Seemannii ( cabeza de negro; see Fig. 
7), Ammandra decasperma (cabecita), Eu- 
terpe rhodoxyla (naidi), and Mauritiella sp. 
(quitasol). A very distinctive element in this 
community is the giant aroid Montrichardia 
aborescens (arracacha). The palm com- 
munity occupies a zone that is transitional 
between levee and backswamp basin. The 
palms and ferns of this community occupy the 
lower backslopes of levees and the margins of 
the basins. Palms such as cabeza de negro, 
quitasol, and naidi occur on the lower back- 
slopes, and ferns (Acrostichum) are more 
numerous at the basin margins. The zone of 
maximum water-logging is occupied by aquatic 
herbs, grasses, and sedges of the grass and 
sedge community. In the quiet, stagnant 
water of the interior cienagas the aquatic 
herbs become established. They gradually 
choke the swamps and lakes, which soon fill 
with organic debris forming a peaty muck. 
This muck functions as a soil on which 
grasses and sedges can gain a foothold. The 
whole marshy area then becomes an area of 
low growth, which it remains unless again 








areas are Scleria and Paspalum. 


invaded by silt. The grass and sedge commu- 
nity is composed mainly of the grasses Pas- 
palum (chuscal) and Scleria (cortadera), 
which dominate the partially filled ciénagas 
(see Fig. 8). In addition to the grasses the 
large sedge Cyperus gigantea is frequently 
encountered. The flowers of this plant are 
borne in spikelets which are assembled in 
heads creating a puffed or crowned appear- 
ance (see Fig. 8). This sedge is commonly 
referred to as the cattail and attracts attention 
because of its twelve-foot height and puffy 
crown. Scattered clumps of quitasol and naidi 
are found within the grass and sedge commu- 
nity wherever remnant natural levees along 
former distributaries are found. 

In addition to the four basic plant commu- 
nities described the delta contains two of 


lesser importance—the aquatic community of 
the point bars and the beach community. The 
point bar community is composed of aquatics 
and other plants with a low growth habit that 
form a mat in streams as soon as the current 
deteriorates along channels in the process of 
abandonment. These plants begin to take over 
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Fic. 8. Grass and sedge community. The light colored ‘area in foreground is Cyperus gigantea and darker 


the point bar side of bends when the main 
thread of current in a distributary channel 
shifts to a more easily traversed course because 
of accretion along the channel side of the bar. 

The principal plants in the point bar com- 
munity are: Eichornia azurea (no me olvide), 
a close relative of the water hyacinth, Limnan- 
themum humboldtianum (hoya de raya), 4 
member of the water-lily family that is usually 
called “floating-heart” in English, Cydistra 
aequinoctialis or Bignonia aequinoctialis, a 
low-growing vine with showy pink flowers, 
Sagittaria lancifolia (cabeza de flecha), a 
aquatic herb with tuberous or knotted roots, 
Cimbosema sp., an aquatic plant that occurs 
infrequently, and Montrichardia aborescens 
(arracacha; see Fig. 9). The principal chokers 
of degenerate cafios are Eichornia, Limnan- 
themum, and Sagittaria all of which props 
gate very rapidly in still, quiet water. 

The beach community is composed of low 
shrubs, vines, and creepers, chief among which 
are Hibiscus tiliaceus (mahoe), a shrub with 
yellow flowers and leaves similar to the lin- 
den, Hibiscus bifurcatus, a shrub with a deli- 
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Fic. 9. Aquatic herbs on the point bar (light-colored low growth on right). Large leafy plants on right 


are arracacha, and high growth in background on the natural levee is Raphia taedigera. 


cate violet flower, Entada gigas, a low climb- 
ing plant of the family Mimosaceae, Canavalia 
rosea, an herb with a large flat woody pod 
with bean-like seeds, Cordia macrostachya, a 
climbing shrub belonging to the family Bora- 
ginaceae, Rhabdadenia biflora, low shrubs of 
the family Apocynaceae also found in the man- 
grove, Wedelia brasiliensis, a creeping herb of 
the family Compositae, and Ipomoea Pes- 
caprae, a creeping vine of the morning glory 
family. 

The beach community is restricted to two 
short, narrow beaches. The longest is Playa de 
Tarena (see Figs. 2 and 10) which is slightly 
over five miles long extending along the north- 
em shore of the delta. The shorter beach is 
Playa de Barbacoas extending for about 3.2 
miles between Boca de Barbacoas and the 
entrance to Bahia de Candelaria (see Fig. 2). 
The flora is decidedly richer along Playa de 
Tarena than along Playa de Barbacoas, partly 

ause it is a wider, steeper beach having 
better drainage, and partly because Playa de 
Barbacoas is littered with decaying organic 
matter discharged by the river and deposited 








on shore by waves (see Fig. 11). The re- 
working of this organic material by the waves 
has produced beach features similar to those 
in sand. 

Each of these communities forms a pattern 
that stands out clearly on aerial photographs 
(see Fig. 4 prepared from aerial photographs ). 
These patterns and the differences in color 
tone and height of the plant assemblages 
greatly facilitate mapping of plant communi- 
ties. The mangrove is darker than the other 
trees of the delta and confined to the narrow 
tidal zone along the shore. The natural levee 
growth is higher than the mangrove, lighter in 
color, separated from the mangrove by narrow 
strips of lighter, shorter vegetation, and pos- 
sesses a coarser texture than the mangrove 
because of the dominance of the pangana with 
its large, drooping fronds. The trees of the 
palm community are lower than the levee or 
mangrove trees and have an uneven texture 
caused by the mixture of plants of different 
heights and colors that compose the palm 
community. The grass and sedge community 
is lighter in color and shorter than any of the 





Fic. 10. 
tall. The dark spots near the water line are palm stumps truncated by wave erosion. 


other types and occurs in the most inland posi- 
tions in the delta. It also tends to assume 
rounded patterns interrupted here and there 
by patches of the palm community. The pat- 
tern of this association has been determined by 
the shape of the round lakes it has choked. 


THE RELATIONSHIP BETWEEN VEGETATION 
AND LAND FORMS 

The chief significance of the vegetation of 
the Atrato Delta to the alluvial morphologist 
is its value as an indicator of terrain types. 
Everywhere mangrove occupies the mud flats 
of the tidal zone, the pangana community 
clothes the levees, the point bar assemblage 
marks areas of stagnant or weakly circulating 
fresh water, and the grass and sedge and palm 
communities occur in the backswamps. 

The mangrove can also be used to determine 
the relative age of mud flats, It is never the 
first stage in the plant succession on a new 
flat, but is preceded by two other stages. The 
first community established on a new flat is 
composed of grasses and herbs, and it is fol- 
lowed by aquatic, salt tolerant herbs that 
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View looking west along Tarena Beach. The beach community is to the left and man is 66 inches 





occupy the flats during the second stage of the 
succession. The mangrove is the third com- 
munity to occupy the flats and does not 
become established until the flat has been 
built well above low tide sea level. Thus flats 
occupied by the mangrove are older than those 
colonized by herbs and grasses. Bare flats are 
youngest of all. 

Plant growth on the levees is largely con- 
trolled by drainage and soil texture. The trees 
that thrive on the levees have more exacting 
requirements in soil and drainage than either 
the mangrove or the backswamp plants. The 
texture of the levee soils is coarser, insuring 
better soil drainage and aeration. Since the 
levees are narrow and restricted the pangana 
and its associates form narrow strips along the 
streams. Other vegetation replaces this com- 
munity where the slope is less and the soil 
denser. 

Interruptions of the pangana vegetation by 
low growth in narrow strips at right angles to 
the principal cafios indicates crevassing. The 
vegetation of the levees tends to persist 
long after distributaries have ceased activity. 
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and other features usually found in sand beaches. 


Throughout the backswamps stranded levee 
ridges bearing the typical pangana vegetation 
mark the course of former distributaries. The 
relative ages of these inactive levees can be 
estimated from the condition of the vegeta- 
tion. When the levee ceases to receive sedi- 
ment from regular floods erosion begins, the 
soil texture becomes finer, and subsoil and 
surface drainage begin to change. This causes 
the gradual deterioration of the levee vegeta- 
tion, and other plants begin to replace it. A 
comparison of the state of the vegetation on 
the various abandoned levees permits esti- 
mates of the relative age of the ridges. If soil 
borings are made through the levee material 
and used in conjunction with the study of the 
vegetation it is possible to make even more 
accurate estimates of the relative age of dis- 
tributaries. As the levees are reduced in 
height during their deterioration the plants of 
the palm community occupy them, and when 
the ridges are reduced to the level of the 
backswamp the grass and sedge community 
replaces the palms and ferns. Therefore, levee 
remnants surrounded by palms and ferns are 
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A section of the Barbacoas beach showing wave modification of organic matter. Note tidal nip 





IN THE ATRATO DELTA 





younger than those surrounded by grasses and 
sedges. Using this technique it was determined 
that cafos Coco Grande and Barbacoas are 
oldest, Uraba intermediate in age, and Tarena 
and El Roto youngest. 


VEGETATION AND SEDIMENTARY 
ACCUMULATIONS 

The claim is often made that vegetation 
assists in the formation of deltas by catching 
and holding sediment. There is little evidence 
to support this contention in the Atrato Delta. 
Each plant community of the delta must have 
a certain type of terrain before it can thrive. 

The mangrove has been especially misrepre- 
sented as a sediment accumulator. It is 
unnecessary to go further than a study of the 
plant succession on new mud flats to prove 
that this plant is not an effective accumulator 
of sediment. Mangrove does not precede the 
appearance of new land along the deltaic sea- 
shore, but colonizes flats only after they have 
risen above low tide level. Furthermore, the 
mangrove has no part in the accumulation of 
sand along beaches because it cannot long 
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tolerate porous sand and soon dies when it is 
encroached upon by the beach zone. The only 
real contribution of the mangrove to the 
accumulation of new land is the increment of 
material it adds through death and decay. 
Other plant associations have very little 
to do with the accumulation of sedimentary 
material either. The pangana and associated 
plants live on the levees because of favorable 
drainage and soil texture. Levees must exist 
before the pangana community can become 
established. The same may be said of the 
intermediate community with the possible 
exception of the arracacha which is often 
found in river bank locations in very dense 
stands. Its stems are so close together that 
they trap small amounts of sediment, but the 
amount is so small that it adds very little to 
the formation of the bank. Many of the sec- 
ondary plants of the grass and sedge commu- 
nity are aquatics that trap very little sediment. 
Plants that have root systems capable of catch- 
ing and holding appreciable amounts of sedi- 
ment do not become established in the interior 
of the backswamps until the ciénagas and 
cahos become choked by dead vegetation and 
sediment. Furthermore the interior commu- 
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nity does not grow in an area of active seqj. 
mentation. 


CONCLUSION 


The study of the vegetation-landform rek. 
tionships of a tropical delta can be of 
assistance to an alluvial morphologist in field 
studies. The writer has found by experience ip 
the Guianas and the eastern Orinoco Delt 
that this is a tool that can be applied with 
equal effectiveness elsewhere in tropical low. 
lands. The recent sediments along the Guiana 
Coast show the same zonation of plants in 
relationship to terrain types. There even the 
different species of mangrove are zoned in 
accordance with very slight changes in terrain 
type. In the eastern Orinoco Delta vegetation 
patterns very similar to those in the Atrato 
Delta have been observed, and the causes of 
these patterns seem to be the same as in the 
Atrato Delta. An appreciation of the relation- 
ship between vegetation and landforms in 
these tropical lowland areas greatly facilitates 
mapping of landforms, assists in the recon- 
struction of the most recent shifts of distribu- 
taries, and facilitates recognition of the forms 
of the land surface both in the field and on 
aerial photographs. 
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LAND CONSOLIDATION IN SPAIN 
JOHN NAYLON 


University College of 


HE excessive fragmentation or dispersion 
Fa landholdings is a major problem in 
many parts of continental Europe. The causes 
of this disease from which many of the older 
agricultures suffer have been discussed at 
length elsewhere.’ In some cases fragmenta- 
tion and dispersion have their basis in the 
original division of territory into equal lots 
among settlers, followed by further subdivi- 
sion to ensure that each farmer had a share in 
all classes of land. Implicit in the open-field 
system, the fragmentation of holdings has been 
aggravated by the continual rise in population, 
the break-up and distribution of common 
lands, the expropriation of large estates, and 
the constant sale of small sections in high 
land-value areas. Most important of all in 
their effects have been systems of inheritance. 
The principle of equal sharing among heirs 
has deep historical roots in Old World coun- 
tries, and the Napoleonic Code, with its provi- 


sions for equal sharing and compulsory por- 
tions, is the basis of many laws. It is rare for 
a peasant farmer to have enough land to leave 
each heir a potentially adequate holding, and 
faced with a patrimony broken into sections 
too small to be self-supporting, heirs fre- 


‘See Bernard O. Binns, “The Consolidation of Frag- 
mented Agricultural Holdings,” FAO Agricultural 
Studies, No. 11 (Washington: September 1950); P. 
Borgedal, “The Farm and Farm Family as Social 
Institutions,” Proceedings of the Third International 
Conference of Agricultural Economists, 1934 (Lon- 
don: Oxford University Press, 1935), pp. 207-17; 
H. Cachard, The French Civil Code (New York: 
Baker, Voorhis & Co., 1930), 681 pp.; R. Jaune, “Con- 
solidation of Agricultural Holdings,” Food and Agri- 
culture, Second Year, No. 2 (April-June 1949), pp. 
93-95; M. Sering, “Land Tenure and the Develop- 
ment of Agriculture,” Proceedings of the Fourth 
International Conference of Agricultural Economists, 
1936 (London: Oxford University Press, 1937), pp. 
13-86; H. W. Spiegel, Land Tenure Policies at Home 
and Abroad (Chapel Hill: University of North Caro- 
lina Press, 1941), p. 171; M. Tcherkinsky, “The Land 
Tenure Systems in Europe,” Report No. 4 of the 
European Conference on Rural Life (Geneva: League 
of Nations, 1939); C. Von Dietze and others, “Land 
Tenure and the Social Control of the Use of Land,” 
P roceedings of the Fifth International Conference of 
Agricultural Economists, 1938 (London: Oxford Uni- 
versity Press, 1939), pp. 118-95. 
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quently have no option but to sell their inher- 
itance in order to share its value. 

An examination of the extent of land frag- 
mentation in Spain, besides illustrating the 
problem as a whole, is of interest in showing 
that under-employment, low productivity, and 
social discontent are not related only to large 
estates and their associated monocultures, 
although the glaring social injustices of the 
latifundios have in the past received the most 
attention from reformers and academic ob- 
servers. It also serves to emphasize that the 
“atomization” of landholdings in Spain is not, 
as is generally thought, particular only to 
Asturias and Galicia. 

Subdivision of land can present two differ- 
ent aspects: the distribution of land in a great 
number of excessively small holdings, or the 
scattering of the tiny parcels which make up 
a single property. The first concept is given 
the name minifundismo in Spain. The second 
is referred to as “fragmentation” in this study. 

The economic and social effects of each 
aspect are quite distinct. While the existence 
of a large number of small farms is justifiable 
from the social point of view, so long as their 
size is sufficient to afford the agricultural 
population an adequate standard of living, 
fragmentation produces no social benefits 
whatever and at the same time precludes any 
rational and economic use of the land. 

Although minifundismo and fragmentation 
may appear independently, more often than 
not in areas where there is a marked distribu- 
tion of property there is also a parallel scat- 
tering of the holdings belonging to a single 
proprietor. 


THE EXTENT OF LAND FRAGMENTATION 
IN SPAIN 

A characteristic of Spanish rural property is 
that average-sized holdings are rare. Farms 
are generally either very big and enclosed 
within a single boundary or very small and 
further split up into minute scattered frag- 
ments. “From a bird’s eye view the Spanish 
countryside has the appearance of a compli- 
cated weave made up of an infinity of boun- 
daries, footpaths, ditches, fences, enclosures 
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TABLE 1.—Distripution OF RuRAL Property IN SPAIN IN 1945! 








Area Number 
(thousands of 
of acres ) parcels 


Number 
Province of 
districts 


Number Number of Average area Aver: 
of parcels per per parcel 
proprietors proprietor (acres) 





421,351 
388,661 
209,448 
766,779 
448,951 
469,658 
542,315 
53,049 
690,685 
361,399 
238,191 
1,639,366 
370,825 
1,748,076 
202,446 
351,036 
474,797 
212,416 
283,988 
935,680 
978,171 
354,914 
130,860 
670,630 
651,566 
1,366,990 
799,501 
1,626,727 
352,262 
18,740,738 


Albacete 86 
Alicante 140 
Almeria 102 
Avila 268 
Badajoz 160 
Burgos 115 
Caceres 181 
Cadiz 41 
Castellon 141 
Ciudad Real 96 
Cérdoba 75 
Cuenca 212 
Granada 205 
Guadalajara 297 
Huelva 78 
Jaén 99 
Madrid 196 
Malaga 100 
Murcia 42 
Palencia 189 
Salamanca 321 
Segovia 255 
Sevilla 102 
Soria 96 
Toledo 205 
Valencia 262 
Valladolid 230 
Zamora 236 
Zaragoza 102 

Total 4,632 


3,592 
1,419 
2.050 
1,946 
5,226 
450 
4,210 
1,769 
1,615 
4,771 
3,319 
3,261 
3,029 
2,086 
2,446 
3,261 
1,934 
1,762 
2.736 
1,368 
2,250 
1,549 
3,398 
621 
3,710 
2,577 
1,835 
1,704 
1,172 
71,062 


8.51 
3.65 
9.76 
2.51 
11.62 
0.94 
7.76 
33.35 
2.34 
13.22 
14.16 
1.98 
7.32 
Ry 
13.12 
9.28 
4.06 
8.28 
9.61 
1.45 
2.29 
1.13 
25.93 
0.91 
5.67 
1.88 
2.27 
1.03 
3.31 
3.77 


4.66 
2.99 
2.43 
7.27 
3.71 
27.41 
6.14 
2.06 
4.08 
3.49 
2.86 
15.35 
3.62 
20.40 
3.77 
2.89 
6.37 
2.82 
3.14 
13.76 
13.98 
12.60 
2.38 
26.39 
4.93 
5.06 
8.88 
16.50 
7.88 
6.07 


90,404 
129,981 
86,181 
106,824 
120,792 
17,132 
88,320 
25,699 
169,203 
103,568 
83,310 
106,793 
102,375 
85,656 
53,717 
21,345 
74,485 
75,428 
90,406 
67,977 
69,962 
107,448 
55,072 
25,414 
132,146 
269,973 
89,006 
98,554 
44,715 
2,692,876 





» Source 


Memoria del Servicio de Catastro de la Riqueza Ristica, 1945 (Madrid: Direccién General de Contribuciones y 


Propiedad Territorial). It will be seen that the above figures refer to only 29 of the 50 provinces. Cadastral work has not been 
completed in the provinces of the Basque country, Asturias, Galicia, Catalufia, the Balearic Islands, and the Canaries. Work 


is also incomplete in some of the provinces listed in the table. 


and trails. One may say, in this sense, that 
agrarian property is a property in tatters and 
that cultivation in many regions is an absurd- 
ity.* Three out of every four holdings in 
Spain have an area of less than 2% acres and 
95.6 percent of farms are less than 12 acres. 
Forty percent of Spanish farmers possess less 
than 24 acres and 77.3 percent have less than 
12 acres. According to the statistics of the 
Servicio de Catastro the 71 million acres sur- 
veyed by 1945 were occupied by 19 million 
properties, giving an average area per prop- 
erty of only 3.8 acres; and relating these 19 
million properties to the number of landown- 
ers and tenants in the country, the property of 


* Alfonso Barra in the weekly review El Espafiol, 
Octoher 17, 1955 


each farmer was split up, on the average, into 
6 parcels.* 

Attention to specific provinces finds the pic- 
ture even darker, for the foregoing generalities 
include such areas of latifundismo as Cadiz, 
where 65 percent of the land is owned in prop- 
erties of over 600 acres (see Table 1). In the 
northern half of Spain, on the other hand, in 
provinces such as Soria, Segovia, and Guadala- 
jara, 90 percent of all holdings are less than 2 
acres. And the worst, as has been indicated, is 
that not only are properties small in area but 
that, although belonging to a single cultivator, 
they are scattered to the four points of the 


‘Garcia Badell, “Estudio de la distribucién de la 
extension superficial y de la riqueza de la propri 
agricola en Espaia entre las diferentes categorias 
fincas,” Estudios Geogrdficos, Ano VIL, No. 23 ( May 
1046). 
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compass and often situated at a distance of 


more than 20 kilometers from each other. 
Municipal districts with less than 2,400 acres 


split up into more than 10,000 parcels are not 
exceptional but normal in many provinces. 

Table 1 makes it clear that there is no justi- 
fication for the general impression that frag- 
mentation of property presents its worst 
aspects in the Galician provinces. Certainly 
the average size of holdings drops to its very 
lowest in that region, being measured in 
square meters and even feet;* but the problem 
is more serious in the dry-farming areas of 
Leon and the two Castiles, where the disper- 
sion of holdings is greater and where soils and 
climate do not permit such high crop yields 
as in many parts of the northwest. In the 
province of Burgos, for example, the average 
number of parcels per proprietor is over 27, 
with an average area per parcel of only 0.9 
acres. In Soria the average farmer has his 
property divided into 26 sections, again with 
an area per section of no more than 0.9 acres. 
The point can be further illustrated by Table 
2 which summarizes some of the 103 new 
cadastral surveys carried out in the province 
of Guadalajara in 1944-45. 

One can also quote individual cases. In the 
district of Coomonte (Zamora) one finds a 
farmer whose 66 acres are divided into 394 
fragments and another whose 84.3 acres are 


‘It is difficult to establish exactly the intensity of 
the problem in the humid northwest, through lack of 
cadastral surveys, but a guide to the situation existing 
over the greater part of Galicia and Asturias is pro- 
vided by figures quoted by Angel Arrie for the dis- 
trict of Caldas de Reyes in Pontevedra (Angel Arrie 
Astiarazan, “Parcelaciones y Concentracién Parcel- 
aria,” a paper read before the Syndical Land Congress 
in Seville, May 1948). An area of 524.5 acres was 
cut into 2994 parcels, owned by 1336 farmers. The 
average area per parcel works out at 0.175 acres, but 
in fact half the parcels were less than 0.120 acres and 
three-quarters were less than 0.241 acres. The average 
area belonging to each farmer was 0.39 acres. 

In the province of Pontevedra as a whole the average 
size of farms is no more than 5 acres and yet 77 per- 
cent of holdings are less than this average. Larger 
farms, e.g., 29 acres, are found in the interior of the 
province but include a high proportion of moorland, 
which can be sown only once every twelve years. 
“The division of property . . . has reached such a 
limit in the north-western provinces of Spain that 

te are innumerable holdings whose fragments are 
only 10-30 metres square, so that a parcel of 2% acres 
's considered a large property.” (Instituto de Estudios 
Agro-Sociales, El Parcelamiento de la Propriedad 
Rustica en Espaiia (Madrid 1954], p. 37). 
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TABLE 2.—DistRIBUuTION OF RURAL PROPERTY IN 
Some Districts OF THE PROVINCE OF GUADALA- 
JARA IN 1944 anp 19454 








Number of 
parcels 
Municipal per 
District proprietor 


Average Average 
area per area per 
parcel proprietor 

acres acres 


0.34 31.68 
0.50 47.39 
1.54 90.37 
0.72 38.76 
2.13 N6.59 
1.59 7.12 
48.09 2.19 05.40 
42.68 1.21 51.31 
41.66 386 V7.2 
41.28 58 3.73 
40.33 : 31 
39.60 39 
39.21 149 
37.92 +1 
36.75 
36.71 
36.70 
35.76 
35.50 
34.25 
33.37 
33.32 
33.10 
31.46 
30.80 
30.33 





93.54 
92.76 
58.31 
53.89 
30.22 
48.22 


Alaminos 

Las Inviernas 

E] Pozo de las Duewias 
Amayar 

Armallones 

Selas 

Lebrancén 

Clares 

Cuevas 

E] Sotillo 

La Yunta 

Arbancén 

Turmiel 

Ciruelos 

Balbacil 

Muriel 

Concha 

La Hortezuela de Océn 
Gargoles de Arriba 
Castellar de la Muela 
Valehermoso 
Anchuela del Campo 
Cubillejo del Sitio 
Riba de Saelices 

El] Pedregal 

Puebla de Valles 


lf he 


“CUM Wl 





1 Based on figures quoted in Instituto de Estudios Agro- 
Sociales, El Parcelamiento de la Propriedad Rustica en Espana 
(Madrid, 1954), p. 35. 


divided into 358 fragments. Other typical 
cases, in the district of San Andrés del Con- 
gosto (Guadalajara), are a farmer with 48.2 
acres divided into 256 pieces and a second 
whose 43.4 acres are split into 202 pieces. 
Grain is being sown on plots only 20 vards 
square—fragments of land small enough to be 
transported from one site to another by cart 
and in which it is impossible to turn a voke of 
mules. 

THE ECONOMIC EFFECTS OF FRAGMENTATION 

Minifundismo and the fragmentation of 
property are the principal obstacles to the 
rationalization of Spanish agriculture. Cer- 
tainly the economic disabilities of the small- 
holding are immeasurably greater than those 
of the latifundio, 

Without taking into account the labor 
expended in journeys trom one plot to another 
and the consequent physical cebilitation of 
the farmer, the loss of time involved in shitt 
ing animals, vehicles, fertilizer, seed, and 
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equipment is estimated to exceed a national 
total value of over 4,000 million pesetas.> The 
case may be quoted of a small vine holding 
situated 2% kilometers from the nearest village. 
Although the few rows of stocks did not reach 
60 square yards in area and would not nor- 
mally call for more than 15 hours of attention 
in the year, in fact the journey from the vil- 
lage had to be made ten times, involving a 
total of 50 kilometers of walking and 10 hours 
of travel to obtain a yield of 10 liters of wine.*® 

The cultivation of many holdings is to all 
intents and purposes abandoned through their 
lying at uneconomic distances, while a high 
proportion of cultivable land is wasted in 
boundaries, headlands, hedges, ditches, foot- 
paths, roads, droveways, access tracks, and 
the multiplication of amenities, such as water- 
ing places for stock. On a holding of 2% acres 
1.61 percent of the area is lost in boundary 
lines; on a holding of 100 square yards—not 
exceptionally small in some regions—the pro- 
portion rises to 17 percent. The Instituto de 
Estudios Agro-Sociales quotes the case of a 
farmer in the district of San Andrés del Con- 
gosto whose 48 acres, divided into 256 frag- 
ments, had 45 kilometers of boundary line.” 

Excessive parcelization raises the cost of 
agricultural produce, with consequences in 
standard of living and foreign trade, and im- 
pedes all progress in the perfection of methods 
of cultivation. The use of modern machinery 
is well-nigh impossible, despite good natural 
conditions for mechanization on the level 
grainlands of Castile; on a holding of 2% acres 
a tractor can spend 32 percent of its working 
time in simply turning round. Even the cost 
of applying manure is unduly high. Neither 
irrigation nor rational crop rotations can be 
introduced, breeding stock cannot be main- 
tained, and the combatting of plagues, dis- 
eases, and erosion is uneconomical. Credit 
facilities cannot be granted because of the 
lack of convenient bases to establish guaran- 
tees. Finally, to the constant unrest and liti- 
gation over boundaries, inheritances, and the 


° A figure of 4,312.5 million pesetas was quoted for 
1950 by Gonz4lez y Moreno Balda, Concentracién 
Parcelaria y Cotos Acasarados ( Vitoria, 1951). 

“KR. Beneyto Sanchis, Ensayo de Concentracién 
Parcelaria en Espafia (Madrid: Ministerio de Agricul- 
tura, Servicio de Concentracién Parcelaria, 1955), p. 
12. The same study appeared in Revtsta de Estudios 
Agro-Sociales, No. 10 (Madrid, 1955), p. 65 et. seq. 

? Instituto de Estudios Agro-Sociales, op. cit., p. 40. 
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distribution of crops must be added the ir 
arable damage done to the spirit of the agri 
culturalist. In the face of property so reduced 
so carved up, and so difficult to make respond 
the farmer ends by abandoning the land alto. 
gether and swelling the current of Migration 
to the city, from which he rarely returns, 


PAST FAILURES TO FIND A SOLUTION 


The problem of the atomization of rum) 
property in Spain has been increasing in gray. 
ity since the eighteenth century. Projects and 
studies for the arrest of the process have been 
plentiful but have never reached the realm of 
reality, and in the meantime the subdivision 
has continued, spreading with successive gen. 
erations to regions formerly free from it$ The 
obstacles to reform have been formidable 
the idiosyncracies of the peasant, fearing 
change lest it prove prejudicial; the steady 
increase of population pressure on an agi 
culture already overburdened;? the regime of 
equal inheritance established by the Civil 
Code and common to all Latin countries, by 
which economic interest is sacrified to rigid 
doctrinaire principle. 

Nor should the political reasons for delay 
in taking effective action be ignored. During 
the contentions of the liberal period spectacu- 
lar themes, such as the breaking up of the 
latifundios, were handier tools of party war- 
fare and popular appeal than the slow and 
obscure labor of land consolidation—a work 
whose political fruits would almost certainly 
not be gathered by those who had begun the 
task. During the early 1930's the Instituto de 
Reforma Agraria did not even have jurisdic. 
tion over the northern half of Spain, although 


* Among early studies and laws we may cite the 
work of Colmeiro in Galicia in 1842, Fermin Cabal- 
lero in 1863, Eduardo Chao in 1867, and Pazos in 
1897, and the successive legislation of 1845, 184%, 
1866, 1868, 1889, and 1907. A detailed review of 
these endeavors is given in Instituto de Estudios Agw- 
Sociales, op. cit., pp. 44-66. 

® The consequently high land prices further encour- 
age the subdivision of property. The inability of the 
peasant to buy a decent-sized holding forces him to be 
content with a fragment of land within his means; 
and conversely, the high sales value of quite sm 
areas is an inducement to proprietors to realize quics, 
easy sums in time of necessity. In some types of farm- 
ing, e.g., dairying, such subdivision (by heirs, for 
instance, on the decease of the owner) may wipe ou 
the achievement of a lifetime. 
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the minifundios pose problems probably graver 
than those of the large estates. 


PROGRESS IN LAND CONSOLIDATION IN 
OTHER EUROPEAN COUNTRIES 


By way of contrast, other European coun- 
tries have long dedicated large sums of money 
and abundant legislation to countering exces- 
sive subdivision of the land, although the 
gravity of the problem has perhaps nowhere 
been greater than in Spain.’ 

In Germany, for instance, consolidation 
began as early as 1550, in Bavaria. The nine- 
teenth century was prodigal in legislation, 
each state formulating its own laws, and by 
the time Hitler assumed power some 50 ordi- 
nances were in existence. The unifying legis- 
lation of 1936 and 1937 boosted the annual 
rate of consolidation in Germany to 303,000 
acres in 1938. The law at present in force for 
West Germany (except Bavaria) dates from 
1953. In the one year 1955, 471,636 acres 
were consolidated, benefiting 61,760 farmers 
and bringing the total area involved in the 
reform to 4,795,000 acres." 

Switzerland has been paying attention to 
the problem since before the creation of the 
Federation. Fragmentation reached its maxi- 
mum during the nineteenth century with the 
splitting up of common land and was coun- 
tered by the decrees of 1884 and 1893, the 
Civil Code of 1912, and the more effective 
Federal Decree of 1918. By 1929 the average 
number of parcels per holding had been 
reduced to 10.6 (as compared with 14.3 in 
1905) and by 1939 to 9.7. By 1954 Switzerland 
had consolidated 442,340 acres, with 231,826 
acres in course of reorganization. The two 
figures together represent almost one-tenth of 
the total agricultural area.!? 


For a general consideration of problems and poli- 
cies in Europe, see H. C. P. Korte, “Die Flurbereini- 
gung in Westeuropa,” Agrarpolitische Revue, 9 Jahr- 
gang, Heft 1/2 (Zurich, 1952), pp. 37-64; M. 
Teherkinsky, “The problem of consolidating land in 
Europe,” International Review of Agriculture (Rome: 
March 1942), 

"Franz Ertl, Die Flurbereinigung im Deutschen 
Roum (Miinchen: Richard Pflaum Verlag, 1953). 
_"*See H. Gamperl, Die Flurbereinigung in der 
Schweiz (Miinchen, 1952); Government of Switzer- 
land, Consolidation of Land in Switzerland,” FAO 
Agricultural Studies, No. 11 (Washington, 1950), pp. 
He A. Hobson, Agricultural Survey of Europe: 
Switzerland, Technical Bulletin No. 101, U.S.D.A. 
(Washington, 1929). 
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In France, where 72 percent of farms are 
less than 24 acres and where approximately 
half of the cultivated area shows an excessive 
subdivision, practical work dates from 1860, 
in Lorraine. Particularly noteworthy are the 
laws of 1918 and 1919, in which the authori- 
ties had the foresight to take advantage of war 
devastation in reorganizing the property pat- 
tern of one and a half million acres in the 
fragmented north and east. The legislation 
passed by the Vichy government in 1941 and 
confirmed by the DeGaulle administration in 
1945 has enabled the reform to proceed at an 
accelerated rate, with the aid of annual allo- 
cations by the State of over 2,000 million 
francs. Between 1945 and 1950, 120,850 acres 
were consolidated, raising the national total to 
4,237,000 acres. By 1955 the total had risen to 
4.5 million acres and by the end of 1957 to 
almost 5.5 million acres.'* 

In Holland, where fragmentation is general 
and consolidation imperative, the first Reallot- 
ment Act dates from 1924. The problem is 
particularly serious in the south and east, 
where owner-occupancy is prevalent and 
Catholic families large; the average size of a 
parcel in the province of Brabant is three- 
quarters of an acre. Altogether, almost one- 
third of the agricultural area of the Nether- 
lands is in urgent need of consolidation. With 
the reinforcement of the inadequate 1924 Act 
by the 1938 Reallotment Bill, the Central Con- 
solidation Commission and the National Con- 
solidation Service have made headway to the 
extent that in 1955, 216,176 acres had been 
regrouped, 115,116 acres were in course of 


13 See J. C. Abbott, “The Regrouping of Farm Hold- 
ings in France,” The Farm Economist, Vol. V1, No. 3 
(1949), pp. 57-63; D. R. Bergmann, “The Regroup- 
ing of Farm Holdings in France” in “The Consolida- 
tion of Farms in Six Countries of Western Europe,” 
International Journal of Agrarian Affairs, Vol. 1, No. 
4 (May 1952), pp. 24-32; Michel Cepede, “Family 
Farm in France,” article in Family Farm Policy ( Uni- 
versity of Chicago Press, 1947), pp. 353-81; La 
Documentation Francaise, Le Remembrement Rural 
en France (Paris, 1951); Leo Drescher, “Problems of 
Land Tenure in France,” Proceedings of the Fourth 
International Conference of Agricultural Economists, 
1936 (London: Oxford University Press, 1937), pp. 
111-14; Government of the French Republic, “The 
Consolidation of Fragmented Agricultural Holdings in 
France,” FAO Agricultural Studies, No, 11 (Washing- 
ton, 1950), pp. 55-63; W. C. Lowdermilk, “Strip 
Cropping by Inheritance in France,” Soil Conserva- 
tion, Vol. 5, No, 4 (October, 1939), pp. 85-86. 
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reorganization and 1,019,974 acres were in 
preparation.'* 

Bulgaria, before 1938, had already consoli- 
dated 10 percent of her cultivated area; Den- 
mark has been active in the field since 1925; 
and similarly, consolidation programs have 
long formed an essential part of agricultural 
development policies elsewhere in Europe.’® 


CREATION OF THE SERVICIO DE 
CONCENTRACION PARCELARIA 


Not until 1945 was there any sign of decisive 
action being taken in Spain. In May 1945 the 
Congreso Regional del Duero, meeting in 
Valladolid, approved a resolution urging an 
energetic policy in the field of fragmentation 
and consolidation, and similar action was 
urged by the Syndical Land Congress (Seville, 
1948 ) and the First National Congress of Agri- 
cultural Engineers (Madrid, 1950). The Law 
on Parcel Concentration was finally approved 
on December 20th, 1952, and on February 
16th of the following year the Servicio de Con- 
centracion Parcelaria, dependent on the Min- 
istry of Agriculture, came into being. 

The process of reform as carried out by the 
S.C.P. differs from that in other European 
countries only in some details of its provisions. 
The main differences are in (1) the extent of 
State powers, (2) the percentage of farmers 
required to solicit the intervention of the 
S.C.P. in a given district, and (3) methods of 
meeting the cost of reform. 


1* See A. Rienks, “The Replanning of Holdings in 
the Netherlands,” The Farm Economist, Vol. V1, No. 
1/2 (1948), pp. 16-21; Philine R. Vanderpol, “Reallo- 
cation of Land in the Netherlands,” a paper prepared 
in 1947 as part of a study of World Land Tenure Sys- 
tems undertaken for FAO by the University of Wis- 
consin, under the general direction of K. H. Parsons. 

** See for example F. V. Abecle, “Le projet de loi 
belge sur le remembrement,” Revue de l’Agriculture, 
VoL L, No. 11-12 (November—December 1948), Min- 
istere de VAgriculture, Brussels, pp. 871-89; R. 
Freund, “The Pattern of Land Tenure in Sweden,” in 
Family Farm Policy (University of Chicago Press, 
1947), pp. 219-43; Evert Andersson and Solve Kihl- 
berg, “Redefinition of Farms in Sweden,” The Farm 
Economist, Vol. V, No. 9/10 (1947), pp. 171-77; 
Solve Kihlberg, “Kedefinition of Farms in Sweden,” in 
“The Consolidation of Farms in Six Countries of 
Western Europe,” International Journal of Agrarian 
Affairs, Vol. 1, No. 4 (May 1952), pp. 54-61; U. 
Sorbi, “Land Fragmentation and Dispersion in Italy,” 
thid., pp. 44-53; GC. Medici, La Distribuzione della 
Proprieta Vondiart ( Rome, 1948). 
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S.C.P. POLICY AND THE INDIVIDUAL FARMER 


One of the hardest tasks facing the Serviciy 
has been that of gaining the confidence and 
cooperation of the farmer. To this end, a vig. 
orous publicity campaign, adapted to the 
mentality of the peasant, has been in action 
since the formation of the S.C.P. With the 
collaboration of the local Syndical Agrarian 
organizations, hundreds of meetings, film 
shows, and practical demonstrations  haye 
been held throughout the northern half of 
Spain. Propaganda of every form—neys 
sheets, pamphlets, radio dialogs, prizes fo 
articles written on the theme of Consolidation 
—has been employed to overcome prejudices 
Individual farmers have been personally inter. 
viewed. Above all, farmers have been urged 
to form groups and visit districts such as Can. 
talapiedra in Salamanca or Frechilla de Alma- 
zan in Soria, where the Servicio has already 
completed its work, to see for themselves the 
benefits ensuing from consolidation. 

In executing the reform great care has been 
taken to respect the individual farmer's private 
rights and to avoid breaking the attachment he 
may feel for particular holdings. Thus, prop- 
erty consolidation functions almost entirely on 
a basis of voluntary petitions. These, to take 
effect, must be made by at least 60 percent of 
the proprietors of the district concerned, who 
must also own at least 60 percent of the land 
of the district. Alternatively, smaller groups 
of at least 25 proprietors may group together 
to consolidate their own holdings. 

In theory the state is empowered to enforce 
the reform and even to make expropriations to 
that end, but this power would only be exer- 
cised in particularly grave cases and always 
with the proviso that no farmer would lose 
land or receive land inferior to that which he 
formerly held. Practice has shown that farm- 
ers have become so convinced of the need to 
regroup their holdings that affection for a par- 
ticular piece of land has not stood in the way 
of their soliciting the intervention of the S.CP. 
In no case has any coercion had to be 
employed. Indeed, perhaps the most marked 
feature of the program is the effective partic: 
pation of the peasants themselves. 

The human and personal element is domi- 
nant throughout every phase of this branch of 
agrarian reform. Should visits to neighboring 
areas convince the farmers of a district that 
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they would benefit from the consolidation of 
their holdings, a simple request to the S.C.P. 
results in the setting up of a Local Commis- 
sion composed of the district judge, registrar, 
and notary, two farmers’ representatives, the 
head of the local agricultural syndicate, and 
the appropriate engineers, which together 
with a Works Commission exhaustively exam- 
ines every aspect of the transformation to be 
effected, hearing all disputes and claims and 
arriving at a decision as to the program to be 
followed. 


AIMS AND SCOPE OF THE CONSOLIDATION 
PROGRAM 


The work of consolidation, in any one 
instance, may be limited to the rearrangement 
of a relatively small number of holdings; or it 
may be more extensive, involving the provision 
of anew network of roads and other improve- 
ments; or finally, it may assume the scale of a 
wholesale reorganization of small and medium 
properties in an entire district, bringing with 
it not only new currents and ideas of agricul- 
tural production but also a new standard of 
civilized life to hitherto backward areas, 
making rural life more agreeable and arresting 
the flow of population to the cities. 

The Servicio de Concentracién Parcelaria in 
1958 had eight provincial delegations and 30 
teams working in the northern half of the 
country. Not the least of their duties is to 
maintain the most cordial relations with the 
agricultural population. The complexity of the 
task of reform may be judged from the fact 
that in the small district of Frechilla de Alma- 
zan alone, the S.C.P. was faced with regroup- 
ing and reallocating some 2,000 holdings 
among 63 proprietors. From beginning to end, 
any single intervention entails some 300 dis- 
tinct phases including surveys, valuation of 
property, confirmation of property registra- 
tion, classification of soils and crops, ete. 

The main practical aims in any regrouping 
of holdings are: 

(1) To assign to each farmer a single property 
equal in area and quality to the several 
he possessed before, or at any rate, a 
greatly reduced number of properties. 

It is normally expected to reduce the 
number of holdings in any zone in the 
proportion 10:1 but very frequently the 
ratio is better still. In cases where the 
newly allocated property is farther away 
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from the farmer's home and of inferior 
quality to his former holdings, any loss in 
proximity and quality is compensated for 
by the convenience of having the land in 
one block. As many as nine distinct 
classes of holding may be recognized, 
varying according to soil type, standard 
of cultivation, nature of the terrain, prox- 
imity to the village, etc. 

Pasture and common grazing do not 
normally enter into the consolidation pro- 
gram because their situation rarely affects 
the pattern. 

In the case of tenant farmers, to unite all 
the parcels cultivated by one tenant, 
although they may belong to distinct pro- 
prietors. 
To site the new holdings within easy 
reach of the farmer's home and to provide 
easy access to lines of communication. 
Wherever possible the smallest holdings 
are given the advantage of nearness to the 
village and those holdings with specially 
favorable features remain in the same 
hands. 
To supplement those holdings of a size 
below the minimum adequate economic 
level, the state being empowered to 
acquire land for redistribution to augment 
holdings at present uneconomic in size. 
Should any land remain after the comple- 
tion of the consolidation program, to cre- 
ate smallholdings ( huertos familiares) tor 
laboring families without land, with the 
aim of helping them over possible periods 
of unemployment.'® 

(6) To inscribe the titles of the newly concen- 
trated holdings in the property register. 
Many smallholders, especially in areas of 
minifundismo, do not at present possess 
property titles.'* 

At the same time that the S.C.P. is trans- 
forming the landholding pattern the Instituto 
Nucional de Colonizacion—the other out- 
standing body engaged in Spanish land devel- 
opment—executes all types of improvements 
in agricultural installations, rural services and 
living conditions, not only to serve the new 


‘Ley de 15 de julio de 1952 sobre Patrimonios 
Familiares, 

'’ See Manuel Moreno Torres, “La concentracion 
parcelaria y el Registro de la Propriedad,” Revista de 
Estudios Agro-Sociales, No, 16 (July-September 1956), 
p. Sl, 
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holdings but also properties outside the zone 
of concentration; and private improvements 
may be included in the general plan if they 
are initiated at the same time. These improve- 
ments embrace projects which the muncipali- 
ties could never afford themselves—the con- 
struction of new networks of main and service 
roads, bridges, working-class houses and 
schools; the provision of drinking water, pub- 
lic fountains and laundries, electricity grids, 
and telephone and drainage systems. Agricul- 
tural needs receive attention: in prospecting 
for subterranean water and the sinking of new 
wells; reafforestation; the levelling of land; 
the clearing and canalization of rivers; the 
construction of grain silos, sheepfolds, stables 
and watering places for stock; the extension 
of irrigation facilities and the drainage of 
marshlands. 

It is important to note that the consolidation 
of property is a prerequisite if many regions in 
Spain are to rationalize their agriculture and 
participate in the aid now available through 
government services. After consolidation it is 





Landholding pattern of Cantalapiedra before the intervention of the S.C.P. (1955). 


possible to practice such techniques as contour 
ploughing and strip cropping to conserve 
water and prevent erosion. Soil conservation 
is economically feasible only in areas where 
the average size of holdings is at the very least 
12 acres. The clarification of the legal aspects 
of land tenure brings security of property to 
those participating in consolidation and, most 
important, a basis on which to solicit credit. 
Accordingly, since May 1956 special loans 
have been available to farmers wishing to 
capitalize or expand their new holdings.” 

One of the most significant changes wrought 
by the reform program has been in the peas- 
ant’s attitude, substituting an appreciation of 
the virtues of collective action for his in 
grained individualism. For the first time 
smallholdings are being farmed together by 
syndical or cooperative groups, competing for 
the title of “Exemplary Agrarian Enterprises 

See El Crédito Agricola en las Zonas de Concet- 
tracién Parcelaria (Madrid: Ministerio de Agricultura, 
1957). In the first 10 months of the credit scheme 
1,651,950 pesetas were distributed. 
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(with the benefits of special loans and tech- 
nical assistance ) and utilizing the Agricultural 
Extension agencies being set up in the con- 
solidation zones. 


CANTALAPIEDRA: AN EXAMPLE 
OF CONSOLIDATION 


Table 3 summarizes the changes effected in 
property size in some of the first municipal 
districts to solicit the intervention of the S.C.P. 
The Cantalapiedra transformation (Figs. 1, 2), 
affecting over 16,000 acres of land, represents 
the first attempt in the world to consolidate 
so great an area in a single unit—a work 
which was completed in all its aspects in little 
more than a year, including the construction 
of 10.6 kilometers of main roads, 91.2 kilo- 
meters of service roads, 36.6 kilometers of 
drainage canals, the provision of water for 
irigation and livestock, the construction of 50 
houses for laborers, and the complete electri- 
lication of the whole district. 

Singling out individual cases of the regroup- 
ing of holdings in Cantalapiedra we find a 





Landholding pattern of Cantalapiedra after the regrouping of properties. 


farmer whose 314 fragments of land have been 
reduced to 16, another whose 93 parcels have 
been reduced to 8, and a third whose 200 hold- 
ings have been reduced to 2. Furthermore, 
apart from the technical convenience of culti- 
vating the regrouped properties (between 
1955 and 1957 the number of tractors in the 
district, for instance, rose from 3 to 32 and the 
number of steel ploughs from 3 to 114) both 
land values and output rise in consequence. 
Property values in Cantalapiedra have risen 
by at least 35 percent and the rentable value 
has more than doubled in many cases, given 
the greater ease of working the land, emplov- 
ing machinery and fertilizer, and attending to 
crops at the right time. Crop vields are up by 
20 percent on the average and there has been 
an increase in the number of livestock. Labor 
costs have decreased by 25 percent while at 
the same time employment opportunities tor 
casual labor have considerably increased 
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TABLE 3.—CHANGES IN LANDHOLDING PATTERN IN SOME CONSOLIDATED Di1stricts! 

































Area Number of parcels 
Total consoli- Number Number of parcels per proprietor 
District area dated o 
(acres ) (acres) proprietors Before After Before After 

Adalia ( Valladolid ) 3,921 3,663 85 1,232 310 14.0 4.0 
Azuqueca de Henares 

( Guadalajara ) 4,772 2,882 187 1,840 196 9.8 1.0 
Barruelo ( Valladolid ) 3,128 2,965 165 1,186 339 7.0 2.0 
Cantalapiedra (Salamanca) 16,980 15,737 330 5,581 474 16.9 1.4 
Cogolludo (Guadalajara ) 8,541 4,015 592 7,224 931 12.2 1.6 
Eguileta ( Alava) 1,046 279 48 376 85 7.9 1.8 
Frechilla de Almazan (Soria) 2,407 2,128 63 1,970 208 31.0 3.0 
Fuencemillan (Guadalajara) 1,562 1,031 199 2,030 359 10.0 2.0 
La Minosa ( Soria ) 1,118 974 97 1,056 178 10.9 1.8 
La Mudarra ( Valladolid ) 4,444 3,993 83 1,674 139 20.2 car 
Penaflor de Hornija 

( Valladolid ) 16,010 12,546 502 5,249 1,715 10.5 3.4 
Poveda de las Cintas 

( Salamanca ) 5,480 5,083 138 2,009 274 14.6 2.0 
Torrebelena (Guadalajara) 4,155 3,856 343 2,769 342 13.5 1.6 
Torremediana ( Soria ) 2,713 2,552 38 2,403 164 63.2 4.3 
Villasilos ( Burgos ) 4,097 3,171 153 3,557 293 23.2 1.9 
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2.72 
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0.74 
1.20 
0.77 
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0.89 
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5.44 
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18.60) 

3.32 
15.56 
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1 Based on summaries published by the Servicio de Concentracién Parcelaria on the completion of each project. 


aria began work in 1953 grave doubts were 
expressed as to the likelihood of its plans 
being put into practice. Not even the engi- 
neers concerned knew precisely how to set 
about their task, and the first law of December 
20, 1952,'* was entirely experimental and pro- 
visional, and restricted in the area of its appli- 
cation. In the event, the policy of the S.C.P. 
has proved an immense success. In the first 
2% years 150,000 farmers expressed their desire 
to share in the benefits of consolidation and at 
present voluntary petitions are coming in at a 
rate which greatly exceeds the possibility of 
satisfying them. 

The remodelled law of August 10, 1955,7° 
incorporates the fruits of past experience and 
the massive response of the farmers has been 
met by larger financial estimates and the 
diversion of American loans. The tempo and 
appeal of the reform can be seen in the yearly 
number of petitions received by the S.C.P. 
(Table 4). Up to June 1958, 666 districts had 
petitioned the reorganization of their land- 
holdings. The provinces to which they be- 
long are shown in Figure 3, which should cor- 
rect the impression that the Galician and 
Asturian provinces have the monopoly of the 
problems of minifundismo and fragmentation: 


* Ley de ® de diciembre de 1952 sobre Concentra- 
ctén Parcelaria. 
* Ley de Concentracién Parcelaria, texto refundido 


de 10 de agosto de 1955. 


TABLE 4.—NUMBERS OF PETITIONS FOR CONSOLIDATION 
RECEIVED BY THE S.C.P., 1953 to 1958! 














Year Petitions Municipal districts Area (acres) 
1953 35 44 291,882 
1954 20 24 105,295 
1955 93 179 646,940 
1956 96 154 548,256 
1957 — 115 483,496 
1958 —_ 150 1,002,157 

Total — 666 3,077,956 

1Source: Records of S.C.P. drawn up annually in June. 


“ 


. . the whole northern half of Spain, it can 


be said in all security, is composed of property 
in shreds.”*! 

Up to the above date, of the total area of 
3,077,956 acres involved in the program 46,05) 
acres had been completely transformed and a 
further 132,960 acres were on the point of 
completion. With increased financial backing 
from 1958 onwards the S.C.P. hopes to handle 
over 120,000 acres per year, i.e., almost 
much as in the four previous years put to- 
gether. Of the thousands of holdings affected 
by regrouping, complaints have been received 
concerning only 369. After investigation by 
the local commissions these complaints were 
reduced to 14; and only one was taken as fat 
as the Minister of Agriculture. 

The cost of the reform is very low com: 
pared with that of similar undertakings ® 


#1 R. Beneyto Sanchis, op. cit., p. 10. 
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31 TO 40 
SERVICIO DE CONCENTRACION PARCELARIA 
ogee) FEBRUARY 1953 — JUNE 1958 
Il TO 20 
bee BASED ON UNPUBLISHED YEARLY MEMORANDA OF THE S.C P 
its 1 TO 10 NO PETITIONS HAVE BEEN RECEIVED FROM THE BALEARIC OR 
CANARY ISLANDS. 
Fic. 3. Spread of the reform program up to June 1958. 


other countries and gives promise of Spain's 
being able to make up rapidly for lost time. 
The total cost per acre of consolidation (with- 
out other improvements, such as electrification, 
water supply, etc.) is only 10-13 percent of 


the cost in Germany and 35 percent of the cost 
in France. Even with such further improve- 
ments it is still no more than 48 percent of the 
cost in Germany and only 10-20 percent of the 
cost in Switzerland, 


The state recovers its 


















yrs 
ve 2 


outlay, without interest, from the beneficiaries 
at the almost nominal rate of 5 percent per 
annum over a period of 20 vears. 


GUARANTEES FOR THE PERMANENCE 
OF THE REFORM 


The work of the S.C.P. would be useless if 
after the reform the regrouped holdings were 
to be subjected to a new subdivision accord- 
ing to the caprice of the proprietor or the im- 
pulses of Spanish individualism. One of the 
virtues, therefore, of the consolidation policy 
has been the simultaneous promulgation of the 
Law of Minimum Units of Cultivation.*? By 
this law a minimum area is fixed for each type 
of holding, varying from region to region 
according to characteristics of soils and cli- 
mate. For dry-farming properties the mini- 
mum area varies from 1.2 acres in Santa Cruz 
de Tenerife, whose volcanic soils give high 
vields, to 9.6 acres in the Andalucian prov- 
inces. For irrigated holdings the minimum 
varies between half an acre and 2% acres. 
Once the consolidation of the properties in a 
zone has been completed those holdings equal 
to, or less than, the minimum laid down for the 
region cannot be further subdivided. Hold- 
ings larger than the minimum can be subdi- 
vided at the owner's will provided that the 
resulting properties do not fall below that 
minimum. 

The S.C.P. is fully aware that the Law of 
Minimum Units of Cultivation is by no means 
satisfactory as it stands at present. Like so 
much else in the agricultural development 
program the norms established for the various 
regions, far from representing ideal sizes of 
holding, are merely compromises with the 
present situation, wherein social as well as 
economic and physical factors intervene. 
Although the law lays down 9.6 acres as the 
minimum size for a holding on the grainlands 
of Andalucia, in fact any holding there below 
% acres cannot hope to maintain a family 
adequately. And working against the opera- 
tion of the law outside the new consolidated 
wones is the fact that the registration of prop- 
erty is not in practice obligatory, so that hold- 


5 de julio de 1954 sobre fijacién de 
unidades minimas de cultivo. See aloo 1. Martinez de 
edoya and VM. Carande ‘Algo sobre las medidas 
comsaveonias de la concentraciin parcelaria,” He 
Estudios Agro-Soctales, No. 1% (October 
Liccomner 1955), pp. 61-70 


“ley de 


vista de 


Joun NaAyYLon 


December 


ings may be subdivided below the minimum 
without anyone being the wiser. 


PROBLEMS AND LIMITATIONS IN THE 
CONSOLIDATION PROGRAM 


The map of the provinces in which th 
S.C.P. is working should not be regarded gs ; 
guide to the extent of minifundismo and fr. 
mentation of property, which appear to ; 
greater or lesser degree in almost every region 
of Spain. The comparative absence of activity 
in such pulverized provinces as Pontevedr, 
Lugo, and Oviedo, for instance, is simply , 
reflection of the obstacles and _ limitation 
which the consolidation program has encoun. 
tered. 

Certain types of terrain and land use make 
it virtually impossible to rationalize the land. 
holding pattern. In the first place vineyards, 
irrigated land, orchards, and woodland are 
normally excluded from the consolidation pn- 
gram because of the extraordinary difficulty of 
equating their markedly individual character. 
istics. For obvious reasons irrigated holdings 
cannot be juggled around in the same way a 
dry-farming properties, while viticulture and 
arboriculture present great variations in the 
age of trees and vine stocks, the manner in 
which they have been tended, and the produc- 
tion they give at present. France, after 100 
years of land consolidation, still has not 
tackled her vine-growing regions and for the 
same reasons the S.C.P. has not intervened in 
similar areas in Spain, such as La Mancha and 
parts of Catalufia. 

Paradoxically, also, relatively little has been 
done so far in the problem areas of Galicia and 
Asturias. Only two petitions have bee 
received from the province of Pontevedra, 
where the subdivision of land reaches its 
most vicious extent. The consolidation prv- 
gram is primarily of interest to farmers with 
very many scattered holdings, whereas in the 
northwest the number of fragments per pt- 
prietor may be no more than five or six. But 
the greatest obstacle is the impossibility 0 
arriving at any satisfactory norm for the clas 
sification of soils and properties in a highland 
area with the special climatic and settlement 
features of Galicia.2* Terraced holdings 


*# See J. Dantin Cereceda, Regiones Naturales 


Espatia, Vol. | (Madrid: Instituto “Juan 
Eleano,” 1942); E. H. G. Dobby, “Galicia: 
known corner of Spain,” Geographical Review, 
26 (1936), pp. 555-80. 


a little- 
Vol. 
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mountain slopes, for instance, will have less 
value, because of the threat of soil erosion and 
the difficulty of maintaining them, than valley 
bottom holdings. With a well-diversified land 
yse each fragment will have a special suit- 
ability for certain plants; a particular parcel 
may have a rivulet running through it which 
can be utilized for irrigation—a circumstance 
which cannot be compensated in a redistribu- 
tion program. 

This diversity and the difficulties cited with 
regard to arboriculture and viticulture offer a 
marked contrast to the dry-farming grainlands 
on which the S.C.P. is making such headway 
in Leon and Castile, where the simple econ- 
omy is based on the classic two-year rotation 
of aio y vez, where the arable land is more 
often than not quite level, and where the con- 
centration of the whole population in the 
markedly nucleated settlements gives the 
$C.P. a much freer hand in locating the 
regrouped properties. 

In Andalucia and Extremadura the problem 
is not so much one of dispersion or fragmenta- 
tion of property as the existence alongside the 
large estates of true minifundios, i.e., tiny 
single holdings as opposed to fragmented 
medium properties. Here the problem of 
making the smallholding into an economic 
unit seems insoluble without wholesale expro- 
priation of the latifundios—which will cer- 
tainly not help agricultural production—settle- 
ment of surplus population in the new irriga- 
tion zones being developed by the Colonization 
Institute and the Hydrographic Confedera- 
tions,** or absorption into new industry, which 
is frankly unlikely in the near future. Andalu- 
cia could profitably dispense with a third of 
her agricultural population. In the Extre- 

*See J. M. Houston, “Irrigation as a solution to 
agrarian problems in modern Spain,” Geographical 
Journal, Vol. 116 (1950), pp. 55-63; A. H. H. Van 
Lier, “Internal Colonization in Spain,” Tijdschrift van 
het Koninklijk Nederlandsch Aardrijkskundig Genootst- 
schap, 1957, No. 4, pp. 518-32. 


menian provinces of Caceres and Badajoz the 
S.C.P. is at work in five districts which will be 
affected by the Badajoz Plan for the develop- 
ment of the middle Guadiana;”* the newly- 
irrigated areas call for a rearrangement of 
their property pattern before settlement by the 
colonizing families. The single petition from 
the province of Granada should be regarded 
as a mere token; given the limited means at 
the disposal of the Ministry of Agriculture, an 
important practical consideration in handling 
the odd petitions from Andalucia is the cost of 
sending a team of experts to operate in only 
one small area. 

The greatest limitation to the reform pro- 
gram is the precarious state of the Spanish 
economy itself. In regions of hardship, lack of 
opportunity for employment outside of farm- 
ing makes equal sharing and subdivision of 
land all the more necessary, intensifving 
fragmentation, adding to the poverty of agri- 
culture and indefinitely postponing a final 
solution. 

None of this is to belittle the progress being 
made by the Servicio de Concentracion Par- 
celaria whose propaganda (which is not con- 
fined only to the theme of consolidation but is 
informative on every aspect of agrarian devel- 
opment) is reaching all parts of the country. 
especially through the local agricultural syn- 
dicates, and combatting ignorance and preju- 
dice by totally new concepts. Even in Lower 
Andalucia local interest has been stimulated to 
detailed investigations of soils, suitable crops 
and optimum sizes of landholdings. The 
S.C.P. has initiated an authentic agrarian rev- 
olution—probably the most effective single 
attempt to raise productivity and change the 
whole structure of Spanish agriculture 


25 See Francisco Lopez Santamana, “El Plan Bads- 
joz,” Revista de Estudios Agro-Seciales, No. 6 (Janv- 
ary—March 1954); R. Campos Nordmann, “Notas 
sobre la planificacién econdmicesocial de Badajoz,” 
ibid., No, 14 (January—Mareh 1956) 
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HE student who desires an understanding 

_of the character of most Latin American 
countries must know something of their _pre- 
Columbian culture. He has little recourse in 
studying regions that have become entirely 
mestizo but to learn the languages in which 
early reports about the aboriginals were made, 
acquaint himself intimately with the place 
where the Indians lived, and finally piece 
together the conscious and unconscious com- 
binations worked out between these people 
and the land. The author has chosen to do 
this in a sample study of the little-known 
Chibcha Indians of central Colombia, with 
the hope of gaining further insight into one 
of the important mestizo areas of South 
America. 

Unfortunately, information about the Chib- 
chas is exiguous. This is the result of paucity 
of available records and lack of sufficient 
research. The Chibchas, like the Incas farther 
south, did not write down their accomplish- 
ments. Moreover, possessing much less level 
land than the Incas, they had no familiar 
isolated place into which they could retreat 
and save themselves as did the Indians of 
Peru during the Conquest. As a result, Chib- 
cha population and language were both lost. 
Furthermore, there are only three primary 
Spanish sources that deal with the Chibchas— 
one from the Jiménez de Quesada expedition 
included in a work by G. F. de Oviedo y 
Valdez, another by the soldier-priest J. de 
Castellanos, and a linguistic study by B. 
Lugo.” 

Little attention has been paid to the Chib- 
chas in voluminous Indian studies made by 


1 This paper grew out of several periods of field 
investigation in Colombia, one of which was made in 
1953 with financial assistance from a grant under the 
Buenos Aires Convention. Part of the manuscript 
appeared in an earlier version in a chapter of my doc- 
toral dissertation, “Land Utilization in the Highland 
Basins of the Cordillera Oriental, Colombia,” Univer- 
sity of California, Los Angeles, 1954. I am indebted 
to Henry J. Bruman for reading the present article 
and for making valuable suggestions. 

2The three sources are, respectively, G. F. de 
Oviedo y Valdez, Historia general y natural de las 
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American scholars. In anthropology, A. |, 
Kroeber’s work in the Handbook of South 
American Indians (1944) is the only extensive 
one in English dealing solely with the Chib. 
chas. In a brief communication, E. W. Haury 
uses the lack of Colombian archeological rub. 
bish to suggest that population estimates made 
by Kroeber and others are too high. Some 
Spanish-language investigations made since 
1944 present new information about the Chib- 
chas, but have not been widely publicized. Tp 
date American geographers have not consid- 
ered these interesting aborigines and the rel. 
tionships they established with the land. It 
may prove useful, therefore, to examine the 
Chibchas by scrutinizing present physiograph- 
ical conditions, which have been unchanged 
since the Indians ruled supreme, as well as the 
old and new literature dealing with the topic. 

Investigation of written sources, both Span- 
ish and English, and extensive field work in 
the area reveal in detail the extraordinarily 
close relationship between Chibcha tribes and 
highland basins in Colombia. The author has 
studied seventeen of these basins, and presents 
what he believes to be the first map showing 
their location. Evidence which appears to 
have been neglected heretofore makes possible 
a new estimate of the Chibcha population in 
and around their basins. In land use it is 
shown that a much more productive system 
was worked out by these Indians than by any 
others in northern South America. The Chib- 
chas lived in well-organized states, each with 
distinctive political leaders supported by the 
people. Indeed, they built_a highland basin 
civilization in some respects equivalent to that 
of the Incas, and in what appears to have been 
much less time. Moreover, their racial traits 
and_their achievements in agriculture, 


indias, islas y tierra firme del mar océano ( Madrid, 
1852); J. de Castellanos, Historia del Nuevo Reino de 
Granada (Madrid, 1886); and B. Lugo, Gramédtics, 
vocabulario y confesionario de la lengua ¢ 
(Madrid, 1619). For a thorough discussion of early 
Spanish sources dealing with the Chibcha Indians, se 
J. Pérez de Barradas, Pueblos indigenas de la Gran 
Colombia (Madrid, 1951). 
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locating-urban communities, and in devising 
political boundaries have all played an impor- 
tant -rale_in the modern_development—of 


Colombia. 
+ THE ALTIPLANOS 


The highland basins referred to_by South 
Americans _as “altiplanos” are characteristic in 
the Andes. They appear most often in places 
where the mountains divide into sub-parallel 
ranges which tend to converge at both ends. 
In ancient times these constrictions were easily 
blocked by orogenic movements or by land- 
slides, so that large lakes developed in some of 
the enclosed valleys. Wherever this happened, 
topsoils washed down from the surrounding 
mountains and slowly filled in the lakes. Simul- 
taneously the overflow tended to erode the lip 
of the basins, thereby lowering the water level. 
Eventually the lakes dried up and _ their 
ancient and often fertile sediments became 
the nearly level basin floors. 

The Andes offered the Chibchas seventeen 
closely-spaced altiplanos between latitudes 
4% and 6'2°N. The basins were located in the 
Cordillera Oriental—the only range in what is 
now Colombia which contained a series of 
these relief features. Although much smaller 
than their counterparts in Peru, the northern 
altiplanos_ were favored in their own way. 
Because of the more moderate elevation, 
Colombian basins had a cool, healthy climate 
which was less rigorous than that in the south. 
In addition, due to a peculiar local situation, 
they enjoyed four “seasons” a year in spite of 
equatorial latitudes. The basins were near the 
crest of a range that received moist winds 
from the Pacific Ocean area from March 
through May, and from the Amazon Basin 
during September through November. The 
occurrence of two wet seasons separated by 
two dry periods made it necessary for the 
inhabitants to work out_a well-planned agri- 

ram. Furthermore, the highland 
basins were centrally located in Colombia, an 
important crossroads area; they were treeless 
and free from dense grass cover; they had 
relatively fertile soils and possessed important 
minerals, such as salt, clay, and_sandstone— 
factors which played an increasingly vital role 
in the lives of the Chibchas after they arrived 
on the altiplanos. 


ips CHIBCHA OCCUPATION OF THE ALTIPLANOS 


Settlement® 


Although there is sufficient evidence that 
both brachycephalic and dolichocephalic Indi- 
ans resided in the highlands of Colombia, the 
routes these people followed into the alti- 
planos are as yet unknown. The paragraphs 
which follow are presented mainly as sugges- 
tions of plausible Indian travel to and from the 
highland basin region as inferred from the 
available sources. Further information is 
required before drawing conclusions as to the 
actual direction and extent of population 
movements. 

At present there are no data which would 
indicate migrations of Indians between the 


3 The first Colombian to make a detailed study of 
the settlement question for the highland basins was E. 
Uricoechea, Memorias sobre las antigiiedades neo- 
granadinas (Berlin, 1854). He reiterated a theory 
expressed by M. de Paravey, in Mémoire sur lorigine 
japonais, arabe et basque de la civilisation des peuples 
du plateau de Bogota d’aprés les travaux récent de M. 
Al. Humboldt et Siebold (Paris, 1835), which held 
that the earliest inhabitants of the Cordillera Oriental 
were related linguistically and physically to the Japa- 
nese. ( Most of the ethnological section of Uricoechea’s 
work stems from J. Acosta’s Compendio histérico del 
descubrimiento y colonizacién de la Nueva Granada 
en el siglo décimo sexto [Paris, 1848].) A few years 
later L. Zerda made similar analogies in his El dorado 
(Bogota, 1947), but mentioned studies of cranium 
sizes which revealed both dolichocephalic and brachy- 
cephalic Indians in the area. This caused some early 
speculation about the meeting of northern and south- 
ern types in the Colombian Andes. Near the turn of 
the nineteenth century V. Restrepo published Los chib- 
chas antes de la conquista espaiiola (Bogota, 1895), 
voicing the opinion that the highland basin Indians 
came from certain tribes in Mexico and had entered 
Colombia via the north coast. In 1912, however, the 
pendulum swung the other way and the Chibchas 
were linked with a Tiahuanacu origin in A. Posnan- 
sky’s Guia general ilustrada para la investigacién de 
las islas del sol y la luna con breves apuntes sobre los 
chullpas (La Paz, 1912). C. Cuervo Marquez in his 
Prehistoria y viajes: estudios arqueoldgicos y etnograf- 
icos (Bogota, 1920) also claimed that the Tiahuanacu 
culture extended north to Colombia, using as a basis 
for his argument the cephalic indices of early skull 
types found in highland graves and common cultural 
traits between the Chibchas and the Indians far to 
the south. More recently (1922) M. Triana, La civi- 
lizacién chibcha (Bogota, 1951), claimed that the 
rarified atmosphere of the highland basins created a 
modified human type out of Asians who had found 
the altiplanos via the Orinoco River. The modified 
type later mixed with Indians from the north, which 
supposedly accounts for the confusing evidence pre- 
sented by altiplano skull measurements. 
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Fic. 1. Chibcha limits developed from Castellanos, Simén, Piedrahita, and Restrepo. Altiplano boundaries 
mapped in field 
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mountainous region of western Colombia and 
the altiplanos. South of the main Chibcha area 
there is rugged terrain similar to that in the 
west, and although there are several small, 
high basins in the extreme south of Colombia, 
there is no evidence that they were ever set- 
led by the northern Chibcha groups\? ) In the 
corth, the broadest part of the Magdalena 
River valley and most of its large eastern trib- 
utaries lead directly to the highland basin 
region. Simon, in fact, recorded that the 
Chibchas claimed their ancestors came from 
Andean valleys north of the altiplanos where 
they had fought with other groups.’ If cre- 
dence is given to this report it may be postu- 
lated that at least some Indians were pushed 
southward until they found the numerous 
highland basins. 

Recently important items have been dis- 
covered in burial caves of the Mesa de Los 
Santos in Santander which demonstrate that 
Chibchas maintained close contacts with Indi- 
ans north of the altiplano realm, according to 
Schottelius.° The Mesa is one of a group of 
altiplano-like relief features formed at eleva- 
tions between 1,500 and 1,700 meters. It is 
located at the confluence of the Suarez River 
(flowing from the altiplano of Ubaté) and the 
Chicamocha River (flowing from the altiplano 
of Sogamoso ) at the north end of the highland 
basin region (Fig. 1). This outlier of Chibcha 
territory, sometimes referred to as the Mesa 
de Jéridas, was inhabited by people who 
raised irrigated cotton. From it they manu- 
factured large shawls, or mantas, upon which 
were sometimes placed designs very similar to 
card-like patterns used north of the main 
Chibcha center. Bodies laid in an extended 
position for burial also represent a cultural 
current found in the north. Many collars made 


*Chibcha contacts with the south appear to be late 
in date. From one report that a Chibcha usaque, or 
chieftain, sent runners to Atahualpa for help about at 
the time of Pizarro’s conquest, it may be inferred that 
the Chibchas had heard of the Incas. Such a fact, if 
true, might be explained by the aggressiveness of the 
Incas prior to their defeat by the Spaniards. The 
Chibchas may well have underestimated the great 
distance an Inca army would have had to travel to 
give aid. 

_*P. Simén, Noticias historiales de las conquistas de 
herra firme en las indias occidentales (Bogota, 1882), 
p. 307. 

*J. W. Schottelius, “Estado actual de la arqueologia 
colombiana,” Boletin de arqueologia, Vol, 2, No, 3 
(1946), pp. 201-212. 
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of sea shells demonstrate a close relationship 
with north coastal areas. Further examination 
may establish the extent of movement between 
the highland basins and places to the north. 

The fact that relatively little archeological 
evidence has been found in the altiplanos 
where a sizable group of aborigines dwelt, 
suggests that the Chibchas were recent immi- 
grants. If this is the case, one might expect to 
find linguistic affiliations with the areas where 
they originated. The languages most closely 
related to the Chibcha tongue are found in 
Central America. In fact, at least two authori- 
ties place the Central American Rama with 
Chibcha Proper. Detailed linguistic analysis 
may some day shed light on whether or not 
one of these is the source from which Chibcha 
Proper evolved. 

Similar problems arise in regard to Chibcha 
relationships with the region east of the high- 
land basins. Land in the east is flat, and 
thousands of kilometers of upriver travel 
through Orinoquia and Amazonia lead to 
Chibcha territory. The chroniclers reported 
the use of a “language” in the eastern part of 
the altiplano realm which was very different 
from Chibcha Proper. The presence in the 
region of small numbers of funeral urns with 
cremated remains would tend to establish 
relationships with lowland Indians from the 
east, where use of this culture trait is much in 
evidence. Once again, the question of the 
extent of movement cannot be solved at pres- 
ent because of insufficient data. 


Population Distribution 

The area occupied by the Chibcha Indians 
at the time of the Spanish arrival coincides 
almost exactly with the distribution of high- 
land basins in the wide part of the Cordillera 
Oriental, Chibcha dominion was exercised 
mostly on the altiplanos themselves at eleva- 
tions above 2,000 meters, although large set- 
tlements were found below this level around 
highland basins and in areas linking them, and 
in the small group of altiplano-like formations 
in the north, 

Political boundaries marked bv early his- 
torians of the Chibcha civilization were not 
always in agreement, Although most selected 
a frontier which was near Fusagasuga at the 
southern limit of the altiplanos, tew concurred 
on the northern extent. Simon placed the bor- 
der south of Velez. Acosta states ~ the 
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extreme northern point would be Serinza” 


(Cerinza, Fig. 1). Restrepo, and later others, 
set the Chibcha boundary north of the Mesa 
de Los Santos.’ It is evident from the gradual 
increase in knowledge about the Chibchas that 
succeeding authorities discovered closer and 
closer ties with the north, until limits became 
more or less accepted at what we can see from 
Figure 1 to be the northern extent of the level 
altiplanos and the similar formations around 
Los Santos. 

The greatest probable area embraced by the 
Chibcha Indians was approximately 26,000 
square kilometers. Of these, about 3,000 
square kilometers, or only 12 percent of the 
total amount of land, pertains to the level- 
surfaced altiplanos. Yet, as is brought out 
below, nearly half of the Chibchas may have 
inhabited the smal] amount of land in these 
fertile basins. 


Population Density 


Chibcha population estimates cannot be 
made on the basis of archeological evidence. 
Even large deposits of wastes which ordinarily 
are associated with sizable native groups have 


* Acosta, op. cit., p. 127; Simén, op. cit., p. 115; 


Restrepo, op. cit. 


Altiplano of Bogota. Elevation 2,640 meters. View south toward city of Bogota. 


not been located. It would appear, however, 
that the lack of refuse is closely associated 
with the probability that the Chibchas had not 
been in the altiplanos long enough to accumu- 
late the expected amount of debris for a group 
of their size. Lack of evidence may also be 
associated with the paucity of scientific 
investigations in the area. A puzzling item 
regarding the Chibcha people is that even the 
number of graves encountered in the altiplano 
region has never been great by comparison 
with those still being found in parts of the 
larger area of Antioquia, for example, where 
original population density estimates are much 
lower. One reason for the apparent discrep- 
ancy is that in Antioquia the graves have 
almost all been uncovered at levels below 
2,400 meters. This means that ancient burial 
sites in Antioquia first had to be cleared o 
forests, an element which undoubtedly inflv- 
enced the number of individual graves put ip 
one place for convenience. When these sites 
were finally abandoned, the tierra templada 
vegetation quickly grew over and preserved 
them to the extent that they are still being 
discovered in newly deforested areas. In the 
altiplano region the guacas were much easier 
to encounter because of the scarcity of natural 
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Fic. 3. Altiplano of Santa Rosa (south of Cerinza). Elevation 2,860 meters. View north. 


hiding places. Mainly because of aridity 
and/or low temperatures, no forests could 
grow_up to protect Chibcha burial grounds, 
and the Spaniards quickly disposed of these 
cuacas and whatever gold items they yielded. 
In this regard, Herrera wrote “and from these 
bodies the Spaniards took a great deal in the 
beginning.”* The net effect of sustained grave 
plundering in an area settled for a relatively 
brief time has been the reduction of archeo- 
logical evidence to such an extent that little 
opportunity remains today for estimating 
Chibcha population, except by way of _his- 
torical accounts. 

Some estimate is given of the Conquest 
Indian population on the largest altiplano 
(Sabana of Bogota) by early chroniclers who 
frequently mention the numerous warriors 
Chibcha usaques, or chieftains, had at their 
command. Acosta relates that in spite of the 
differences of weapons, the 160 conquistadors 
could have been defeated since the inhabitants 
of the plain were counted by “hundreds of 

‘A. de Herrera, Historia general de las indias occi- 
dentales 0 de los hechos de los castellanos en las islas 
y tierra firme del mar océano (Antwerp, 1728), p. 
311. See also Chapter 5 in J. R. Freile’s El Carnero 
(Bogota, 1942), part of which is an account of how 
gold was removed from Chibcha hiding places. 


thousands.” J. R. y Freile, who spoke with the 
cousin of the pre-Conquest chief of Guatavita, 
states that the Zipa of Bogota conquered 
the Guatavita with 40,000 soldiers. Herrera 
records that the altiplano Indians were divided 
“in two provinces of Bogota and Tunja, and 
each had a chief with the same name: he was 
very powerful, and that of Bogota . . . greater, 
and he had 60,000 men of war, and Tunja 
40,000.” Castellanos, who is probably the most 
reliable source, estimates the number of sol- 
diers in the command of the Zipa during the 
battle against the Zaque at 50,000." 

For the Tunja-Sogamoso area Simon re- 
corded that some 6,000 to 8,000 Indians, many 
of whom were carrying children, surrounded 
the Spaniards near the Zaque of Tunja during 
the first appearance of Jiménez de Quesada. 
Regarding the population there in 1540, four 
years after the discovery of the highland 
basins by the Spanish, Simon says that the 
surrounding hills seemed “covered with Indi- 


Castellanos adds that the Sogamoso 
WwW 


ans.” 
leader alone had over 12,000 men of war. 


® In regard to these estimates, see Freile, op. cit., p. 
35, Herrera, op. cit., p. 309, and Castellanos, op. cit., 
p. 43. 


'© Castellanos, op. cit., p. 57. 
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A more general treatment is given other 
highland basins in the eastern cordillera, and 
specific figures are rare. Simén tells us that in 
Guane territory the Indians were so thick that 
the hills and valleys looked alive with swarm- 
ing humans. He adds that when the Spaniards 
first entered the province of Guane there were 
more than 100,000 Indians in that province. 
Castellanos asserts that the area occupied by 
the Guane had_ 30,000 peopled houses, and 
that the province was literally a “well” of 
_natives."* 

On the basis of the above figures, which are 
taken from the most dependable of the early 
chronicles, some attempts can be made to esti- 
mate the total population of the Chibchas at 
the time of the Conquest. Perhaps the most 
important general number to work with is that 
given by Castellanos regarding the 30,000 
“peopled” houses in Guane country. Our prob- 
lem is to calculate the total population for the 
6.000 square kilometer region (Fig. 1).- In 
theory, four people per family, ie., two par- 
ents and two children, are required to main- 
tain a population. In practice, where survival 
conditions are far from ideal, five people per 
family (three children) would seem to be a 
more reasonable figure. If we assume that 
each Guane house had five persons living in it, 
a population of 150,000 results. Simoén’s esti- 
mate of “more than 100,000” offers a check 
against this number. 

It is somewhat more difficult to make a 
computation for the altiplano region south of 
the Cuane area. It is fairly certain that the 
population density in the south was higher, 
especially on the large altiplanos themselves. 
4 military figure, quoted both by Castellanos 
and Herrera, is the 50,000 or 60,000 warriors 
led by the Zipa in battle against the Zaque. 
Using the smaller number, and estimating that 
these men represented the usual American 
indian army of all arms-bearing males between 
15 and W, the population can be calculated. 
if we assume, as others have done in Middle 
American caleulations, that the proportion of 
arms-bearing males was approximately the 
same in 1500 as it is now in this part of Colom 
bia, ic, about 23 percent of the total, the 

10,000 square kilometers controlled by the 


on, op. C., pp. IAB, W3; Castellanos, op, cit., 
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Zipa_must_ have supported about _ 217,09 
people. 

The 40,000 warriors mentioned for the 6,00 
square kilometers in Zaque territory give a 
total population of some 174,000 in that sector 

Using the Castellanos estimate of 12099 
soldiers in the Sogamoso region (1,500 uare 
kilometers), an over-all population of 52% 
results. “i 

The surprising thing about the military and 
other estimates made in the chronicles ig that 
they cover the areas ruled by four of the five 
Chibcha usaques. Only one area, that riled 
by the Tundama, was left without any esti 
mates. Since the Tundama ruled over approxi- 
mately 2,000 square kilometers of land jp 
every respect similar to the rest of the alt. 
plano countryside, a simple extrapolation of 
population densities will provide us witha 
fair estimate. The other altiplano regions yield 
an over-all arithmetic density of 25 person 
per square kilometer. Thus, the Tundama 
probably ruled over some 50,000 inhabitants 

If the areas and populations of the separate 
Chibcha regions are totaled, the following 
estimate is obtained: 


Area Popula- 
sq. km. tion 


10,000 217,000 
6,C00 174,000 
6,000 150,000 
1,500 52,000 
2,000 50,000 





; 
; 
| 
' 
' 


Zipa 
Zaque 
Guane 
Sogamoso 
Tundama 





Total 25,500 643,000 

An inspection of modern crop yields in the 
Chibcha homeland shows that sufficient food 
staple (potatoes) could have been produced 
to support an estimated population of about 
600,000. At the present time, annual potato 
yields in the departments of Cundinamarca 
and Boyaca average approximately five metric 
tons per hectare (i.e., 56 bushels per acre). 
Even if we assume that yields of this major 
crop are twice what they were 400 years ago 
when farming methods were substantially the 
same, but fertilizers and insect controls were 
unknown, one percent of the total Chibcha 
area would have had to be farmed to yield 
approximately three bushels per year for every 
single inhabitant. This would be ample when 
supplemented by other types of food, such as 
corn and meat, to supply the population with 
a generous amount of nourishment. That food 
was plentiful we have little doubt. Early 
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Fic. 4. North end of Ubaté altipiano. 


chroniclers were most pleased about this, as is 


pointed out later. 

The next question that arises is whether or 
not the 25,500 hectares of land needed for this 
kind of potato production could have been 
farmed by a population of 600,000. If we 
assume that one adult can farm only one third 
of a hectare of heavy altiplano soil, then 76,500 
farmers would be required. Since this involves 
less than 13 percent of the total population, 
and only 8.3 percent of the level altiplano ter- 
ritory, it is evident that more land was actually 
available for cultivation than was needed, This 
would explain the early reports of abundance 
mentioned by the chroniclers and helps us to 
understand why the Chibchas were able to 
develop such a thriving commerce, 

Thus it would appear that the pre-Conquest 
Chibcha population estimate of 600,000 as 
obtained from the chronicles is a reasonable 
number. It lies well below Kroeber’s purely 
arbitrary figure of over one million (40 per- 
sons per square kilometer ), but it is above the 
very small and presumably arbitrary number 
at 300,000 quoted by Steward.'” 

* J. H. Steward, “The Native Population of South 
America,” Handbook of South American Indians, ed 


Elevation 2,600 meters. View northeast. 


Descriptive material regarding the popula- 
tion in and immediately around the altiplanos 
themselves is hard to come by. Simon gives 
the only specific figures from which some 
density estimate might be made. When the 
Spaniards passed through the small extension 
of the Ubaté altiplano near Guacheta, which is 
about “one league long and two or three 
musket shots wide,” there were “more than a 
thousand houses,” quite a few of which were 
gathered “almost like a pueblo in one high 
part.” The rest were dispersed among the cul- 
tivated plots of ground. Even it we assume 
that half of the houses were in the so-called 
pueblo and depended only partly upon the 
others for well-being. there still remain SO 
houses (or more) scattered throughout the 


fields and filled with people who hved on 


]. H. Steward, Vol. 3 (Washingten, DC. 1949). pp. 
655-68, So far as the author has been able to 
mine, Colombian estimates of the Chibcha populatior 
have never been worked out om a systematic hustortcal 
basis, Steward quotes a recent estimate oF BOQLOCO but 
gives no further explanation, ba a persomal commnuns 
eation, E, W. Haury states that the Hgure 200,000 is 
probably arbitrary aud only effort at 
striking a reasonable number 
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their own land.’* If the latter 500 or more 
houses represent 2,500 people, the density of 
these 25 square kilometers of land is at least 
100 per square kilometer. If this is the density 
on the rest of the altiplano lands and their 
immediate vicinities in the flanking mountains, 
then it is conceivable that nearly half of the 
Chibcha population lived in this favored level 
portion of the Cordillera Oriental. 


- CHIBCHAS AND ALTIPLANO CULTURE 
- 


Appearance 


The Chibcha Indian was noted for a number 
of external features, described by the chron- 
iclers, that are clearly observable in today’s 
highland campesino, or country dweller. Short 
stature, copper-colored skin, coarse black hair, 
black eyes, wide short nose, wide and rather 
thick lips, and projecting cheek bones are 
some Of these features. It is to be noted that 
the Spanish did not find the Chibchas unat- 


The altiplano is closed off here by the Boquerén 
de Guachet4 mountain pass, leaving a small portion of 
levd land separated from the rest and easily measur- 
able. The area of the plain and surrounding hillsides 
s approximately 25 square kilometers. See also Simén, 
op. cit., p. 124 
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Farm children from Ubaté altiplano. 






tractive, and numerous statements in the 
chronicles stress the handsomeness of Indian 
women, especially in the Guane area. Women 
from this region are still noted for their 
beauty. 


Settlements 


The Chibchas lived in dwellings made of 
wood and straw which varied in size and 
design. Oviedo states that “they are small, 
large, and great, according to the quality of 
the owner, and the very special ones are each 
like a closed fort and with many rooms inside, 
and it is a grand thing to see the painting and 
shined beauties of such buildings.”* The use 
of wax scraped from the base of palm fronds 
for polishing wood was known to South Amer- 
can aborigines and is still common. On the 
altiplanos there are high-elevation palms 
(Ceroxylon sp.) similar in use and appearance 
to the carnauba of Brazil. Herrera recorded 
that the houses of the chiefs had large patios 
and were built with many fences around 
them. Houses were both circular and rectang- 
ular. Wattle and daub construction probably 


4 Oviedo, op. cit., pp. 406-407. 
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1c. 6. Round hut overlooking Zipaquira (Sabana of Bogota). 


involved the use of native bamboo or guadua 
—Guadua angustifolia, which is readily found 
along stream beds in the vicinity of the alti- 
planos. Small windows and cane doors were 
built into the sides. The roofing was straw 
placed in a conical fashion over the frame 
below. Curiously enough, this type of circular 
hut, though now mostly replaced by the rec- 
tangular form, still exerts its influence in the 
altiplanos. 

Up to the present only at Tunja have stone 
foundations been found, although plenty of 
sandstone from the Guadalupe formations was 
available and was sometimes used in graves, 
for making mortars and pestles, and other 
atticles. A few stone pillars in the western 
part of the Leiva altiplano and along the east 
border of the Laguna de Fuquene have been 
discovered, but never explained. Apparently 
the (late) Chibcha civilization had either not 
quite achieved full-scale construction of stone 
buildings or had rejected them because of 
earthquakes, and utilized the less durable, but 
easily replaced huts mentioned above. 

From the chronicles we have little idea as to 
the actual description and function of Chibcha 
Villages and towns. Judging from the nature 
of the Chibcha’s interest in trade exchi ange, it 
is possible that many of the agglomerated set- 
tlements formed the core areas for large mar 
kets. Others may have been towns (called 
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View northeast. 





pueblos and ciudades by the chroniclers) 
which were centers of industry for the salt- 
brick, pottery, and textile manufacturing car- 
ried out in the highland basins. Some centers 
were located where state authorities lived and 
performed their official duties. Regarding the 
latter function Oviedo reported: “There are 
chieftains with 10,000 servants, . . . 20,000 and 
others with 30,000; and each has his settle- 
ments spread throughout the valleys and 
lands, of 10, 20, 30, 100 . . . more or less houses 
in each settlement, according to the character 
and fertility of the land.” One might assume 
that there were clusters of huts around the 
chiefs’ houses and that the rest were scattered 
throughout the fields as in the Guacheta 
region described _by Simon. 


Food Consumption 


Chibcha diet consisted mainly of potatoes 
which were native to the altiplano region: “It 
is the major provision they have because with 
everything they eat, they eat potatoes.” 
White, yellow, and purple varieties were 
planted, according te Castellanos, Potatoes 
appear to have been more important than the 
usual American staple, corn, This is not sur- 
prising when it is realized that on the Colom- 
bian altiplanos potatoes mature in towr to tive 


 Thid., p. 406 
 Tbid,, pp, 389-390 
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months, whereas corn requires twice as long. 
Using the early-maturing potato, or the criolla, 
even today several potato harvests can be 
obtained to one of corn. Valuable as the potato 
was, the Chibchas were never able to develop 
that famous Inca _hardtack, called chuno, 
which made extended military operations so 
successful. The Chibchas could not have 
frozen the potatoes easily for chufio prepara- 
tion because the Colombian altiplanos are not 
high enough to experience reliable night 
freezes. 

Corn was raised and at least six varieties 
were cultivated: maiz de arroz, blanco, colo- 
rado, rojo blando, amarillo, and negro. Quinoa 
(Chenopodium quinoa) is found in the alti- 
planos and may have been used as a supple- 
mentary grain. Cubio (Tropaeolum tuber- 
osum) was another native crop which the 
Indians had in great quantities, according to 
Herrera. Several tubers which seem to have 
been of less importance were: ibia (Oxalis 
tuberosa), chugua (Ullucus tuberosus), from 
tierra fria, and yuca (Manihot utilissima, var. 
dulce), arracacha (Arracacia xanthorrhiza), 
and batata (Ipomoea batatas ) from tierra tem- 
plada and tierra caliente. Meat was obtained 
from the deer and from fricos (guinea pigs), 
both of which are rarely seen now, turtle 
doves, ducks, partridges, and fish, all of which 
were seasoned with salt from the mines on the 
Sabana _ of Bogota. 

The items mentioned above were prepared 
for consumption in various ways, and several 
of the native dishes are still prepared on the 
altiplanos. Corn is a useful grain from which 
corn soup or sugua was made; ground corn 
wrapped in leaves (from Guzmania sp.) and 
cooked in water or baked like bread is still 
common, Fermented corn served to make 
dapqua or chicha, which is still an important 
alcoholic drink, although its use has declined 
since 1949 when declared illegal by the gov- 
ernment. Another item on today’s diet is 
changua, apparently a Chibcha word for one 
of the varieties of soup. The word changua is 
in current usage, although the soup is now 
prepared differently; milk has been added 
since the introduction of cattle to the alti- 
planos by the Spaniards, Coriander, i.e., 


cilantro or culantro (Coriandrum sativum ), is 
an important ingredient. 
Coca leaves were chewed with lime ground 
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by pestles in miniature mortars that have been 
unearthed in great numbers in the altiplanos, 
Coca is not used today in the region, although 
up until about 1945 it was purchasable in the 
large markets of Bogota. The employment of 
coca was probably never a vice to the Chib. 
chas, who are reported to have used it mair 

as_a purgative. The drug was not needed to 
alleviate hunger pangs and the discomfort of 
freezing temperatures, both of which are more 
frequent on the higher altiplanos of Peru and 
Bolivia where coca is still habitually used, 


Trade and Transportation 


The surplus products from various special- 
ized Chibcha industries, such as agricultural 
goods, cotton mantas, salt bricks, ceramic 
wares, emeralds, and hand-worked gold ob- 
jects, were carried to centrally located alti- 
plano areas which served as markets. Principal 
among them were Sorocota, Tunja, and Tur- 


_mequé in the north, and Zipaquird, Bocats 


(Bogota), and Pasca in the south. The first 
and last towns served as places of exchange 
with Indians from the lower and upper Mag- 
dalena, respectively, whereas the others were 
for trade among the Chibchas themselves. In 
regard to the latter, for example, the Indians 
of Tunja lacked salt and traded constantly for 
this item with the Bogotaes. 

Unfortunately, not too much is known about 
the markets or the methods employed. Res- 
trepo records that markets were held every 
four days. Freile states for the latter part of 
the seventeenth century that in the market 
at Bogota “three to four thousand Indians 
came, and over the cargos of coca, cotton, and 
mantas, put some 100 pesos of gold in tejuelos 
(small coin-like forms varying in diameter), 
others 50 pesos more or less, as they wanted 
to buy or contract... . Finally, there was no 
Indian so poor who did not carry in a sack 
hung on his neck, six, eight, or ten pesos. . ..™ 
These coin-like forms were not embossed, and 
their use may be likened to that of the cacao 
bean in Central America and Mexico before 
the Conquest. 

The incessant trading carried on by the 
Chibchas established a great need for effec- 
tive distribution of trade items. Favored by 
the absence of trees and tall grasses the Chib- 
chas could move their produce freely over the 





'T Freile, op. cit., pp. 260-261. 
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altiplanos but depended upon trails between 
highland basins. Unfortunately this particular 
altiplano region was devoid of the only Ameri- 
can animal which the Chibchas could have 
utilized for carrying trade goods. Llamas, so 
effectively employed by the Incas, were miss- 
ing in Colombia's main group of high basins.'* 
The result was that the Chibchas had to carry 
goods on their backs. Some of the cargos must 
have been difficult to manage. Salt cakes from 
Zipaquira weighing fifty to seventy-five pounds 
each were found in warehouses far from the 
Sabana of Bogota by Jiménez de Quesada and 
his men. 


Land Tenure 


It cannot be stated positively that the Chib- 
chas had private ownership of land, but a case 
can be made for it by piecing together scat- 
tered comments from the more reliable early 
historians, such as Castellanos and Siméon. The 
former, for example, reports that the husband 
of any woman who died at childbirth had to 
give one-half the family “farm” to the wife's 
closest relatives. Simon recorded of the Chib- 
chas that “their children and women, if they 
leave them, only inherited the land [bienes 
raices], because the furniture and treasure 
were buried with them in the graves.” He 
further states that the children of the chiefs 
did not inherit their fathers’ political realms, 
but only “the farms left on death, which were 
divided among them and the women they left, 
because the state [itself] was inherited by the 
son of the chief's sister.” Simén also wrote 
that after the Indians built their houses, fiestas 
were given for neighbors, “but each [person] 
with expenses according to his possibilities.” 
Zerda observed in a later study that the 
Chibcha farms were individually delimited by 
poles laid along the ground and that a special 
god called Chaquen protected these bound- 
aries. Finally, Sim6n stated that the Chibchas 
‘had their adorations in lagoons, hills, etc., 


* According to R. M. Gilmore, “Fauna and Ethno- 
zoology of South America,” Handbook of South Amer- 
ican Indians, ed. J. H. Steward (Washington, D.C., 
1950), Vol. 6, p. 434, the area occupied by the llama 
extended into southern Colombia during the fifteenth 
century. This is further evidence of Chibcha associa- 
tion with the north rather than with the area south of 
the altiplanos, since if contact with the Incas had been 
maintained, use of the animal might have been pre- 
verved. There are pet llamas on hacienda land in the 
Colombian altiplano region today. 
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and each person had a private spot in them for 
such _adoration.”'® 

Communal ownership of the land would 
probably have been indicated by general com- 
munity labor among the Chibchas. Yet only 
once is community work mentioned in early 
writings, and that refers only to specially des- 
ignated land reserved to the priestly caste: 
“After celebrating the fiestas they went into a 
house which they did not leave other than to 
make offerings, because their planting and 
work was done for them by the community . . . 
so that they could be less occupied and dis- 
turbed and give more of themselves to the 
services of the gods.”2° Not even in the case of 
the Zipa or the Zaque was anything similar 
recorded. These rulers had tax collectors who 
exacted tribute from all the people irrespective 
of their occupation. In case of default, the 
agent of the ruler tied a mountain lion or bear 
especially raised for this purpose to a post in 
front of the subject’s hut. The victim even 
had to feed the beast until the debt was paid. 

A society with communal land ownership 
and labor customs might have demanded that 
individuals be permanently attached to the 
land. However, this was not the case among 
the Chibchas. Castellanos reported that gold- 
smiths from Guatavita who did roving work 
in the Zipa’s territory paid no taxes, and as a 
consequence the Guatavita chief was obliged 
to support two of the Zipa’s subjects for each 
goldsmith hired out. This went on until the 
Zipa had sent “more than 2,000 loafers” to the 
chief.?" 

The concept of private property would seem, 
therefore, to be in keeping with Chibcha land 
tenure, since there was a distinctly private 
nature to the inheritance, religious, and labor 
practices mentioned above. The conclusion 
that can best be drawn from these data points 
toward a sense of private ownership of the 
land, in which certain responsibilities were 
accepted along with the rights involved. 


Land Use 


The population density calculations made 
earlier indicate that half the Chibcha Indians 
lived in the altiplanos and their immediate 
neighborhood, The basis for maintaining such 





” Simon, op, cit., p. 298. 
* Tbid., p. 291. 
*! Tbid., p. 309 
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a numerous population on a relatively small 
amount of land stems from the unique position 
of the altiplanos at the center of all Chibcha 


activity. Physiographically, the altiplanos 
were especially favored. By virtue of their 
marginal location in cool lands at the upper 
limit of tropical forests, they presented excel- 
lent conditions for the development of a stable 
agricultural society. The highland basins were 
once filled with water, and when the lakes in 
them emptied they left: rivers and lagoons 
which supported edible fish and water fowl. 
The altiplanos had fertile soils, and the Chib- 
cha Indians made the most of planting crops 
in them. In fact, it became necessary to 
develop new methods of farming in order to 
adapt to altiplano conditions. 

Alternating seasons in the cool highlands 
posed special problems, particularly in the 
south. In the matter of planting, the Indians 
learned that digging sticks were not good 
enough to break the hard clayey earth during 
dry seasons, Consequently the Chibchas 
waited until the new rains had thoroughly 
softened the soil before preparing it—a prac- 
tice which is still adhered to in places but 
which is no longer adequate because harvests 


Mound agriculture 


« 


on the Sabana of Bogota. 


are not sufficiently reliable. Then, contiguous 
mounds of earth some 30 centimeters high and 
about a meter across were constructed to act 
as planting beds above the saturated soil. 
Apparently these mounds were reworked fre- 
quently just as they are today. 

Although their concern for drainage led to 
specialized land preparation, the Chibchas 
evidently were not worried about erosion. This 
again suggests that there was still plenty of 
farm land available at the time of the Con- 
quest. On hillsides the Indians laid out rows 
of mounds at right angles to the contours, just 
as modern farmers do.?? 

In Guane territory, where the dry seasons 
were more pronounced, irrigation ditches were 
led from rivers to the fields. It is possible that 
irrigation was used in other Chibcha areas 
where the climate is similar to that of the 
Guane region, but very little was written about 
this phase of land use during the early colonial 


“2-There were few terraces on the low bordering 
mountains whose slopes were not always steep and on 
which rather deep soils formed above the easily 
decomposed sedimentary rocks. The fact that mounds 
are still constructed even on_ hillsides suggests the 
seriousness of the drainage problem where heavy clay 
soils exist. 
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period. No fertilizers were used in preparing 
the land, insofar as we know. 

Store houses were maintained by the Chib- 
chas for the harvest from their fields and for 
supplies of dried venison. Before the begin- 
ning of the planting season offerings were 
made to the gods in community festivals. Men, 
and occasionally women, went to work in the 
fields, much as they do now. After the harvest 
the Chibchas had to pay tribute in the form of 
“gifts” to the usaques, who in turn rendered to 
the Zipa and Zaque, although exact procedure 
again is not mentioned. Besides production 
for home use and tribute, there was ample 
surplus for trade. In this manner _altiplano 
diet was supplemented by fruits and vege- 
tables from warmer regions. 

Some time after the Chibchas had begun 
to rely more on altiplano agriculture, they 
leaned the advantage of growing surplus food 
or the dwindling supply of red deer in their 
realm. Once Indian leaders began to protect 
the animals for state purposes, the herds must 
have increased. From reports of the early 
chroniclers it is known that no Chibcha com- 
moner could kill a deer unless given permis- 
sion by the chief, even if crops were damaged. 
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Fic. 8. Mound agriculture on the altiplano of Tota (south of Sogamoso). Elevation 3,015 meters. 





The assistance thus given toward maintenance 
of state herds so increased the number of deer 
that when the Spaniards arrived they were 
surprised by the “infinite number [of deer] like 
the livestock [ganados] in Castile.”°* Simon 
in fact, reported that “live and dead deer” 
were brought to the first Spaniards who visited 
the altiplanos. Zamora’s observations as to 
the real lack of adequate hunting equipment 
among the Chibchas, and the care with which 
they later watched their European cattle, 
would seem to strengthen the view that many 
deer were tamed by these Indians. Guinea 
pigs and Muscovy ducks were also used to 
supplement the agricultural diet, as we have 
noted. There must have been a_ bountiful 
food supply on all the altiplanos. Castellanos 
recorded that the lands of the Sabana of 
Bogota were “fertile, healthy, and abundant 
with things necessary to life.” and Oviedo 
reminds us that the food supplies on the Tunja 
(Sogamoso) plain were even greater 

As progress was made in subsistence agri- 
culture, the Chibchas began ta set aside cer- 
tain areas for commercial crops to be used 


*§ Herrera, op. cit., p. 310 
















in manufacturing. The Leiva altiplano, for 
example, supplied cotton to the cooler high- 
land basins. As the demand for warm clothes 
increased with population growth, specialized 
industries grew up, such as the manufacture 
of cotton shawls at Tunja. The yarn was made 
with spinning whorls which may still be seen 
on the altiplanos, although the material now 
used is wool. Women probably often spent 
the time traveling on country routes by spin- 
ning while they walked along, as they do 
today. The yarn they made was woven on 
vertical looms attended by specialized weav- 
ers. Intricate geometric designs were woven, 
stamped (with bone rollers), or painted on 
the cloth. 

As the Chibchas familiarized themselves 
with the high plains they discovered that 
various useful raw materials were available 
locally. One of these was salt, which could be 
obtained at Zipaquir4, Nemocén, and Tausa 
on the altiplano of Bogota. The Chibchas 
learned to make salt cakes by boiling down 
brine in clay vases called gachas, each of 


which was broken off from around the finished 
salt cake 


From this industry two important 
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Fic. 9. Boatman gathering reeds on the Laguna de Fiuquene (center of Ubaté altiplano). 


groups of specialists arose: (1) those who 
prepared the salt cakes, and (2) those who 
began to manufacture the gachas. For the lat- 
ter purpose several altiplano regions were 
favored by the presence of large quantities of 
good clays. Thus, specialized ceramic indus- 
tries arose at Soacha (near Bogota), Tunja, 
and Raquira (Leiva altiplano). In fact, the 
word Rdquira means city (quira) of Vases 
(Ra) in the Chibcha language. In the latter 
city the vases were especially well made, 
smooth and anthropomorphic in form, and 
sometimes painted with two or three colors 
Stylized ceramic stools with short legs and 
curved seats were manufactured, and small 
clay figures gayly decorated with incised-line 
drawings of chiefs were sent throughout the 
high plains. 

The Chibchas may have encountered thei 
first emeralds ( guacata ),** in the salt mines at 
Nemocon where the green stones are still occa 
sionally found, More emeralds were mined at 
Muzo and at Somondoco just outside the alti 

#4 Notice the similarity between the Spanish version 
of the Chibcha word for emerald, guacata, and the 
word aguacate (avocado), derived from the Nahuatl. 
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Jano region. The precious stones became part 
of the barter for necessary trade goods among 
both the Chibchas and with neighboring 


= Chibchas, who prized gold, began to 
acquire considerable quantities of the metal 

y trading with other Indians. Chibchas spe- 
cialized in melting gold either in the pure form 
or alloyed with copper and silver. Some metals 
for the alloy were imported from deposits 
north of the Leiva altiplano. Clay and stone 
molds have been found near Guatavita (alti- 
plano of Bogota ) where the industry thrived. 
Characteristic of Chibcha cire-perdue is hand- 
some filigree-like work; hammered chest 
plates, pins, and many other items were also 
manufactured. 

Today’s altiplano descendants tell that their 
ancestors knew a closely-guarded secret for 
molding gold in their very hands. Such fables 
testify to the quality of the art, and it may be 
that the Indians who knew the specialty had 
learned to use coal for the melting process. 
Although the use of coal by the Chibchas does 
not seem to have been general, there is evi- 
dence that suggests its restricted employment 
by special groups. Coal is abundant and easily 
picked out of exposed veins in several places 
on the altiplanos. At Guatavita itself there are 
coal mines in production now. Significant, for 
example, are the findings at a Chibcha burial 
site reported by E. Silva Celis in which he 
writes: “At levels of 60, 75, 80, and 90 centi- 
meters we found a good deal of coal in various 
sizes, of which some showed clear signs of cal- 
cination. The said coal we identified plainly 
with that which is abundantly exploited by 
country folk in Ombachita, not more than one 
kilometer from the site of our investigations.”2° 
The investigations took place in Sogamoso, the 
chief religious center of the Chibcha civiliza- 
tion. Other pieces of coal were found in the 
same area mixed with charcoal, human bones, 
ashes, and pots. Conscious use of the coal 
has not been determined by these findings, 
although they indicate that the aborigines liv- 
ing in the chief religious area possibly associ- 
ated coal and charcoal with similar uses. 1 
have been informed that charcoal has also 


_—_—— 


: bal 4 Silva Celis, “Investigaciones arqueolégicas en 
Sogamoso,” Boletin de arqueologta, Vol. 1, No, 1 
(1945), p. 40, 
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been found in a grave near Saucio in the 
Choconta altiplano. 
!- Political Divisions 

One of the main achievements of altiplano 
Indians was their subdivision of the highland 
area into separate political units. These were 
administered by the Zipa, Zaque, Sogamoso,”” 
Tundama, and Guane rulers. The largest state 
was that of the Zipa which included the 
largest altiplano, ie., the Sabana of Bogota, 
about half of the altiplano of Ubaté, and the 
smaller highland basin of Choconta (Fig. 1). 
The Zipa realm was subdivided into six parts, 
all of which were so oriented as to focus on 
the level-surfaced altiplanos so that rapid 
communications could be maintained from 
the extremities to the Zipa’s headquarters at 
Bocata. 

The Zaque ruled over seven separate alti- 
planos and parts of two others, including the 
second largest, Sogamoso. The whole area 
extended from the northern half of Ubaté to 
Sogamoso (Fig. 1). The headquarters were 
located at Tunja, a town flanking the west end 
of the Sogamoso basin, and clearly at the 
approximate geographical center of the sur- 
rounding altiplanos. 

The rulers of the Sogamoso and Tundama 
territories were at the extreme north end of 
the altiplanos and, as is to be expected, their 
realms were considerably smaller and _less 
important than the first two. Finally, the 
region of the Guane extended even farther 
north to include the altiplano-like mesas of 
Los Santos, Barichara, and Curiti. The Guane 
area is contiguous with that of the altiplanos, 
but the Guane lived at a slightly lower eleva- 
tion, and were sometimes classified as sep- 
arate from the Chibchas by early reporters. 
Perhaps this is because the Chibchas them- 
selves understood that the Guane were bevond 
the real altiplano region of the Cordillera Ori- 
ental—or beyond altiplano administrative con- 
trol—and_ gave this impression to the first 
Spaniards in the area. 

It is to be noted that the boundary lines 
separating these five regions were later close 
approximated in the Spanish political division 
of the land (Fig. 1). This is true both for 
departmental (state) and for municipal bound: 

* The term “Sugamuxi” is sometime used for Soga 


moso but appears to have been introduced im later 
writings and may therefore be in erros 











aries. Headquarter sites like Bogota and 
Tunja were made over into country and 
department capitals, respectively. The Chibcha 
talent for regional organization was outstand- 
ing and the Spanish soon recognized its worth. 


SUMMARY AND CONCLUSION 


The altiplanos of the Cordillera Oriental 
formed the basis for an important phase of the 
evolution of Chibcha culture. It is clear that 
the early inhabitants were provided with a 
healthful, level area where food could be 
grown in great enough quantities to meet the 
demands of an increasing population. Drought 
in certain parts of the plains was sufficiently 
pronounced so that the Chibchas developed 
ways of irrigation, and when drainage was a 
problem, they constructed mounds of earth 
for planting. Native wild life was recognized 
as an important source of food, and guinea 
pigs, Muscovy ducks, and deer were fed 
with agricultural surpluses. Valuable natural 
resources found in the altiplanos, such as salt, 
clay, sandstone, emeralds, and possibly coal, 
allowed development of many specialized 
industries. From the production of vases, gold 
objects, mantas, and food surpluses, large- 
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Fic. 10. Unused altiplano land at 3,250 meters. Northernmost altiplano in Chibcha domain. 


scale marketing grew up in which gold “coins” 
were used for money. Missing from the alti- 
plano region was a cargo or draft animal, so 
that the Chibchas themselves were forced to 
carry goods to the market areas. 

At the time of the Conquest the two most 
powerful Chibcha rulers, the Zipa and the 
Zaque, resided on the largest altiplano, and on 
the second largest, respectively. The Zipa, 
who lived on the Sabana of Bogota, had his 
headquarters and recreation areas in the vicin- 
ity of modern Bogota. The Zaque presided 
where the city of Tunja has been built (capital 
of Boyaca ). 

Communications were maintained easily 
between and among the altiplanos. The level 
ness of the highland basins and their proximity 
to one another made it simple to exchange 
ideas as well as items of commerce. The trad- 
ing sites, the larger religious shrines, the man- 
ufacturing communities, and the Zipa’s and 
other leaders’ headquarters, recreation grounds, 
and garrisons, all made up “urban” centers of 
Chibcha society. The chroniclers not only 
used the word “town” in describing some 
these, but occasionally even referred to them 
as cities, 
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The fact that coincidentally many Chibcha 
culture traits had counterparts in the invading 
European culture was a significant element in 
the absorption of this society by the Span- 
ards. The conquerors not only found the 
Indians good farmers and attractive people, 
but kept many of the native settlements with 
their original names, and even organized their 
own states partly along Chibcha-determined 
boundaries. The Spanish, who never found 
much gold in the Chibcha realm, quickly set- 
tled down to the more practical task of getting 
along the only way the altiplanos could sup- 
port them—that of living with the Chibchas 
and learning their methods of agriculture. 
Jiménez de Quesada, who founded a new 
civilization at the official center of the most 
powerful altiplano ruler, was able to control 
all the Colombian basins, and all the Chib- 
chas, for there were no vast altiplano areas 
into which the Indians could retreat as did the 
Incas in Peru and Bolivia. It is not surprising, 
therefore, that Colombia has a uniform mes- 
tizo population today, whereas Peru and 
Bolivia, which had much larger altiplanos 
with enormous mineral wealth nearby, still 
have two separate populations with important 
physical and cultural differences. 
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TRENDS IN AIRLINE PASSENGER TRAFFIC: 


A GEOGRAPHIC CASE STUDY’ 


EDWARD J. TAAFFE 
Northwestern University 


( an ever-increasing extent air transporta- 

tion is becoming a vital element in the 
complex pattern of inter-connections among 
large United States cities. The dynamic nature 
of this form of transportation in recent years is 
shown by the fact that between 1949 and 1955 
the total number of passengers carried by the 
domestic trunk airlines increased 154 percent 
(Table 1). During the same period, air pas- 
senger-miles increased nearly 300 percent. It 
is also apparent from a comparison of the air 
and rail figures in Table 1 that a fundamental 
change in the nation’s travel habits was in 
process. Air passenger-miles went from a posi- 
tion below the rail Pullman passenger-mile 
total to a position well above it during the 
study period. 

In this study, attention will be focused on a 
series of maps depicting trends in the air pas- 
senger traffic of Chicago during this critical 
growth period. The maps will be examined for 
evidence of a relation between growth rates 
and possible growth-promoting characteristics 
of individual routes, such as resort travel, 
length of haul, and low coach fares. The impli- 
cations of these and certain less obvious rela- 
tions will then be discussed in the context of 
over-all air traffic trends. In its relation to 
geography, the study represents an example of 


Taste 1—SeLecTED AiR AND RalL STATISTICS FOR 
THE UntreD States, 1949 anv 1955 (mn THOUSANDs )! 











: Percentage 
Travel item 1949 1955 change 
Air passengers 14,699 37,408 + 154 
Air passenger-miles 6,705,000 19,741,000 + 293 
Rail pullman 
passenger-miles 9,349,000 6,440,000 - 3l 
Rail coach 
passenger-miles 20,310,000 17,329,000 - 15 





ean Feumeert Amociation, Air Transport Facts and Figures, 
aii ene a nited States domestic trunkline and 
‘The author wishes to thank the ‘Transportation 
Center at Northwestern University for research funds 
and assistance. Mr. Frank H. Thomas and Mr. John 
T. Hoare, graduate students in geography, provided 
Valuable assistance in computational and cartographic 
work, respectively. 
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the functional or organizational approach to 
regional study as articulated initially by Platt 
and later by Whittlesey.? Air travel provides a 
partial expression of the linkages between Chi- 
cago and other cities which are, in turn, an 
aspect of the over-all spatial organization of 
the United States. A consideration of differ- 
ential growth rates should therefore provide 
some insight into the changing nature of these 
linkages. 


THE MAPS 


Figure 1 is the map upon which most of this 
report is based. It illustrates the specific ques- 
tion to be examined: What has been associated 
with the variation in growth rate of Chicago 
air traffic from March 1949 to March 1955 
among the 91 cities of Chicago's air passenger 
hinterland?* The area of each circle on Figure 





2 One of the earlier statements of this approach is 
contained in Robert S. Platt, “A Detail of Regional 
Geography: Ellison Bay Community as an Industrial 
Organism,” Annals, Association of American Geogra- 
phers, Vol. XVIII (1928), pp. 81-126. Derwent 
Whittlesey attached the term “nodal” to this approach 
in “The Regional Concept and the Regional Method” 
in Preston E. James and Clarence F. Jones, American 
Geography: Inventory and Prospect (Syracuse Uni- 
versity Press, 1954), pp. 36-40. Some of the more 
explicit examples are to be found in the works of 
Ullman, Brush, Philbrick, and Hans Carol. It could 
also be said that recent work in central place theory 
represents an extension of this point of view. 

3 March 1949 was chosen as a base period for two 
reasons: (1) the author had previously conducted a 
detailed investigation of Chicago’s traffic characteris- 
tics as represented by that month; (2) 1949 was the 
year before the Korean War and the initiation of low- 
fare coach services accompanied a great upsurge in 
air travel. March 1955 was the last survey period 
before the addition of competition to certain impor- 
tant routes further complicated the growth pattern. 
The maps are based on the two-way traffic data 
in Civil Aeronautics Board, Airline Traffic Survey 
(U.S. Government Printing Office. Washington, D.C. ), 
and Air Transport Association, Origination—Destination 
Airline Revenue Passenger Survey (Airline Finance 
and Accounting Conference, Washington, D.C.). The 
fourteen-day passenger totals in the latter source were 
expanded by a factor of 2.21 to make them compara- 
ble to the 31-day totals in the former source. Most of 
the city abbreviations used are from the 3-letter 


airline code as listed in the Official Airline Guide. 
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1 is proportional to the number of air passen- 
gers travelling in both directions between Chi- 
cago and the city represented by the circle in 
March 1955. Thus, each circle represents a 
route between Chicago and the city in ques- 
tion. The shaded patterns within the circles 
are graded in intensity according to the 
percentage increase in Chicago air traffic 
between March 1949 and March 1955. The 
vertical line pattern is centered approximately 
on the average growth rate of 156 percent for 
the Chicago routes represented on the map. 
The darker patterns represent clearly above- 
average growth rates and the lighter patterns 
represent clearly below-average growth rates. 

In order to reduce the possible distortions 
inherent in such restricted time periods as the 
two survey months, several types of additional 
data were checked for some of the measures 
employed. Figure 2 represents one such sec- 
ondary basis for the consideration of variations 
in air traffic growth rates. The 99 highest 
density routes or city pairs in the United 
States are represented on the four inset maps.‘ 





* The degree of concentration of air traffic is such 
that 87 of the 99 leading city pairs had as one terminal 





Chicago air passenger traffic increase, March 1949 compared with March 1955. 


These insets differ from the Chicago map in 
the following respects: the areas of the circles 
represent passenger-miles rather than passen- 
gers; the circles are categorized into three 
magnitude groups rather than graduated; 
March and September figures are used rather 
than March figures. 

Other supplementary sources of growth 
information consulted regarding conclusions 
drawn from Figure 1 included growth rates 
between other selected years, and the per- 
centage of Chicago’s traffic accounted for by 
each city during various survey periods. 





one of four major centers (New York, Chicago, Los 
Angeles, and Miami). These city pairs could then be 
represented on four inset maps in a manner analogous 
to the Chicago traffic on Figure 1. The twelve remain- 
ing city pairs are represented by squares. On the 
Chicago inset, the squares represent Washington traf- 
fic; on the Los Angeles inset, they represent San 
Francisco traffic; and on the Miami map they repre- 
sent Tampa traffic. For a thorough discussion of this 
map and the 99 city pairs, see Edward J. Taaffe, “A 
Map Analysis of Airline Competition: Part I—The 
Development of Competition,” Journal of Air Law and 
Commerce, Vol. 25, No. 2 (Spring, 1958), pp. 121- 
47; “Part 1l—Competition and Growth,” Journal of 
Air Law and Commerce, Vol. 25, No. 4 (Autums, 
1958), pp. 402-27. 
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March and September 1949 and 1954. 


The major portion of this paper will consist 
of the examination of several! hypotheses as to 
reasons for the growth rate variations shown 
on Figure 1. This examination will consist of: 
(1) a discussion of the high growth rates 
noted at winter resort and long-haul cities; 
(2) a discussion of the impact of low coach 
fares on growth; (3) a discussion of appar- 
ently secondary growth characteristics, such 
as those associated with the high growth rates 
at many small-volume, short-haul cities and at 
many traffic shadow cities; (4) a discussion of 
the future prospects of air transportation in 
the light of the evidence presented on the 
various maps. 


FLORIDA RESORT TRAVEL AND LENGTH OF HAUL 


Many of the high Chicago growth rates 
on Figure 1 are at resort cities and long-haul 
cities. The concentration of high growth rates 
on the Chicago-Florida routes is particularly 
striking. Chicago-Miami traffic, for exam- 
ple, increased by nearly 400 percent between 
March 1949 and March 1955 as compared to 


an increase in total Chicago air traffic of only 
149 percent. The five Florida cities on Figure 
1 increased their share of Chicago's total air 
passenger traffic from eight percent in March 
1949 to 13 percent in March 1955. Figure 
2 provides additional evidence of the wide- 
spread nature of this change. Most of the 
circles on the Miami map fall into the highest 
growth category as do many of the Florida 
circles on the other three inset maps. The 
magnitude and consistent nature of these 
increases indicate that a basic change in the 
nation’s travel habits is in process. Many 
people who formerly took brief vacations a 
few hours’ drive from the largest metropolitan 
areas now travel by air to Florida. The growth 
rates of the Chicago—Florida traffic are so 
markedly above the Chicago average that it 
seems reasonable to assume that the growth 
curve for Florida traffic differs from the 
growth curve for other Chicago air traffic. The 
Florida routes have therefore been excluded 
from most of the measures employed so as to 
provide a clearer view of growth rate varia- 
tion other than that associated with this con- 
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spicuous change in recreational travel habits.5 

The relation between rate of growth and 
length of haul is a considerably more elusive 
one. In view of the increase in average length 
of haul, one might expect a tendency for 
growth rates to vary directly with distance 
from Chicago. As Figure 1 indicates, however, 
the over-all tendency for growth rates to 
increase with distance is a weak one. The cor- 
relation is statistically insignificant if one 
considers all Chicago routes (with the cited 
exceptions). The principal disturbances are 
the high growth rates of many small-volume, 
short-haul routes (small circles close to Chi- 
cago). Saginaw-Bay City, Michigan, provides 
an extreme example of this with a 739 percent 
increase in Chicago traffic. When the group 
considered is restricted to the 35 cities which 
generated enough traffic to warrant coach 
service in 1955, the relationship improves but 
is still weak. Approximately seven percent of 
the growth rate variation is statistically associ- 
ated with length of haul.* The chief sources of 
disturbance in these instances are the small- 
volume, long-haul routes, which did not par- 
ticipate in the intensive growth of the large- 
volume, long-haul routes. This is apparently 
due to some variation on the traffic shadow 


5 Also excluded from most measures are the military 
travel centers of San Diego and Norfolk as well as 
Dayton, where heavy military air travel to and from 
Wright Field has a distorting effect. 

®“In some respects it is misleading to compare the 
high percentage increases of many of the small-volume 
routes (the smaller circles) with those of high density 
routes. Percentage increases among items of widely 
differing magnitudes may be deceptive. It should be 
noted, however, that not all the low density routes 
had high percentage increases. Many long-haul, low- 
density routes experienced below-average growth 
rates 

’ Some caution must be exercised in interpreting the 
results of the statistical analysis in this paper. Certain 
biases introduced by the exclusion of data and certain 
defects in the data used render questionable the 
extrapolation of the computed relations. What infer- 
ences there may be regarding larger populations must 
be justified logically rather than statistically. The 
cocificient of determination (r*) or percent of 
“explained” variation used above is derived from a 
least squares regression analysis in which rate of 
growth is treated as a dependent variable and length 
of haul is treated as an independent variable. It 
should be regarded as a measure of the closeness of 
an observed relation between two variables, useful 
for fundamentally descriptive and comparative pur- 
poses 
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theme, as in the case of Spokane, Portland, anj 
Birmingham.* 

If the routes considered are restricted to the 
30 leading passenger generators, the small. 
volume, long-haul cities also drop out, and 
some 30 percent of the growth-rate variation js 
seen to be associated with length of haul, 4 
similar although weaker relationship (16 per: 
cent) is obtained when the 99 leading passep. 
ger-mile generators in Figure 2 are considered 
(with the exception of the Florida pairs), This 
is evident visually from the noticeable tep. 
dency for the darker patterns to predominate 
on each inset map in Figure 2 as distance 
increases from the city concerned. This ten. 
dency is emphasized by the curved lines on 
the map which represent the 500- and the 
1,000-mile zones. The dotted lines represent. 
ing the 1,000-mile zone serve as a rough 
boundary between the high and low growth 
rates. Thus, a relation between length of haul 
and rate of growth does seem to exist, at least 
on the large-volume routes. 

This relation between growth and length of 
haul might also be examined as it is expressed 
in two important types of rail service. The 
outer dashed line on Figure | represents the 
limits of rail overnight service from Chicago; 
the inner dashed line represents the limits 
within which rail coach service from Chicago 
is most competitive with air service. Although 
visual inspection reveals no well-delineated 
drop-off in growth rates at the margin of the 
overnight zone, there does seem to be a con- 
centration of low increases among the large- 
volume routes within the rail coach zone. 
Table 2 lists the proportion of total Chicago 


8 The traffic shadow effect in air transportation 
exists when the largest city in a cluster of cities acts as 
a receiving center for traffic to other cities in the clus- 
ter, thereby depressing their air traffic levels. This 
effect is most noticeable within a range of 120 high- 
way miles from the largest center. As the distribution 
of cities becomes less dense, however, the range of 
the shadow seems to increase. It is possible, therefore, 
that Seattle’s presence depresses the traffic levels of 
Portland and Spokane, and that Atlanta depresses the 
traffic of Birmingham. See Edward J. Taaffe, “United 
States Air Transportation and Urban Distribution, 
The Geographical Review, Vol. XLVI (April, 1956), 
pp. 219-38. 

® Rail overnight service was defined as service which 
is within one hour of a 4:30 p.m. departure and a 
10:00 a.m. arrival; coach service was defined as 4 
departure after 8:00 a.m. and an arrival before mid- 
night with a trip duration not in excess of 8 hours. 
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Percent of total 
traffic Percentage 


Rail service zone Z 
1949 1955 


Within coach zone 43 34 
Between coach and 

overnight zones 29 27 
Beyond overnight zone 28 39 
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at 
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passengers accounted for in 1949 and 1955 by 
the cities in these zones. Note how the rail 
coach-zone cities decreased in their share of 
total Chicago passengers from 43 percent in 
19 to }4 percent in 1955. 


AIRLINE PRICE GEOGRAPHY 

Another possible growth-promoting factor is 
to be found in the offering of coach services 
by the airlines. These low-fare services, con- 
sidered by some to be the major factor in the 
recent boom in air traffic, developed rapidly 
during the early fifties until, by 1955, they 
accounted for 35 percent of total passenger- 
miles. "° Initially, air coach services were set 

” American Aviation, Annual Air Transport Progress 
Issue, April 23, 1956, p. 28. 


Increase in coach traffic on Chicago air routes, 1949-1955. 


up at inconvenient hours (between 11 p.m. 
and 4 a.m., for instance) so as to encourage 
traffic on mail-oriented schedules which usu- 
ally carried few passengers. They proved so 
popular that competitive pressure soon forced 
them up to convenient hours. Coach offer- 
ings over individual routes still vary widely, 
however, both in total flights scheduled and 
in number of convenient-hour coach flights. 
These variations are reflected in Figure 3. 
Growth-rate categories and circle sizes are 
identical with Figure 1, but the large numbers 
next to each circle represent the percentage of 
coach passengers over the particular route in 
March 1955. Thus, fully 74 percent of the 
Chicago-Miami passengers used coach serv- 
ices as compared with only 6 percent of the 
Chicago—Minneapolis passengers. The many 
blank circles on the map represent Chicago 
routes without effective'' coach services in 
March 1955. Coach services are largely 
absent from small-volume routes and short- 
haul routes; they are particularly prominent on 

t Effective coach service is considered to exist only 


if five percent or more of the passengers over a giver 
route are coach passengers. 





Epwarp J. TAAFFE 


December 








CHICAGO AIR PASSENGERS — AVERAGE FARES PER MILE 


March 1955 











Fic. 4. 


large-volume routes, long-haul routes, and 
resort routes. In general, growth rates tend to 
increase as coach percentages increase. About 
17 percent of the growth rate variation among 
the 35 non-Florida coach cities is statistically 
associated with coach percentages. 

The apparent relationship between growth 
and the amount of effective coach service is 
complicated, however, by the fact that it is 
extremely difficult to separate coach and 
length-of-haul effects. Although, on Figure 3, 
high growth rates seem to bear a closer rela- 
tion to coach percentages than they do to dis- 
tance, this relationship is reversed in the case 
of the 99 leading city pairs ( Fig. 2), where the 
relation between growth and length of haul is 
considerably closer than that between growth 
and coach services. In both cases, however, 
about 20 percent of the growth-rate variation 
is statistically associated with length of haul 
and coach percentage when the effects of both 
are considered simultaneously. 

Another effect of the relationship between 
distance and coach percentages is to be found 
in the spatial structure of airline fares. Since 
coach percentages increase with distance, the 


Average fares per mile for Chicago air routes, March 1955. 


average fare decreases with distance. In order 
to construct Figure 4, an average fare was 
computed for each hinterland city by weight 
ing first-class and coach fares with the actual 
percentages of first-class and coach passen- 
gers. The resulting average fare was then 
divided by the length of haul so as to give an 


average per-mile fare. Since low average 
per-mile fares are due chiefly to large coach 
percentages, this map is merely a way of por- 
traying the air fare tendencies noted on Figure 
3 for the coach cities in the map context of the 
average fares for the noncoach cities.” Thus, 
despite the fact that there are only two fare 
levels (approximately 6.5 cents per mile for 
first-class, four cents per mile for coach), itis 
clear from Figure 4 that the selective appli 
cation of coach services by the airline has 
resulted in a fare structure which shows a rea- 
sonably consistent taper with distance. The 


12 Other factors contributing to variations from un 
form per-mile fares are the grouping of fares and the 
flat $1.00 increase added to all airline tickets between 
1949 and 1955. This latter would have a grealet 
upward effect on short-haul routes than on long-haul 
routes, as witness the many cities near Chicago with 
an average fare of seven cents per mile. 
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black line on the map represents an approxi- 
mate isopleth for an average fare of six cents 
per mile.1* Within this line nearly all average 
fares are greater than six cents per mile; 
beyond it nearly all average fares are less than 
six cents per mile. The selectivity of the taper 
is associated with the tendency for effective 
coach services to be concentrated on large- 
volume routes (note how Denver and Kansas 
City pull in the six-cent line, and how Omaha 
and Atlanta have low average fares for their 
distance zone). The taper in per-mile fares 
with distance is, of course, economically logi- 
cal. Per-mile costs of carrying passengers tend 
to decrease with distance in view of relatively 
fixed terminal costs. 

In a sense, Figure 4 represents price change. 
Since there were few coach services offered on 
Chicago routes in 1949, it may be assumed that 
1949 per-mile fares were relatively uniform. 
Thus, it might be considered that the low 
average per-mile fares in Figure 4 represent a 
sort of decrease in average fare. The relation- 

** The isoline of six cents per mile was chosen arbi- 


arily so as to emphasize the decline of average fares 
with distance. 


Total revenue increases for Chicago air routes, March 1949 to March 1955. 


ship between such “lowered” price and traffic 
increases is a difficult one to evaluate. If the 
traffic is quite sensitive to price changes, then 
one might expect the routes with the lowest 
average per-mile fares (“reduced” from 1949 
averages ) to register the highest growth rates. 
The visual impression of a weak relationship 
which may be obtained by comparing the per- 
mile fare map (Fig. 4) with the growth map 
(Fig. 1) is supported by a statistically insigni- 
ficant relationship. 

Thus, there is conflicting evidence as to the 
price sensitivity of air travel. The relation 
between growth and coach percentages for the 
35 coach cities noted on Figure 3 suggests 
price sensitivity; the lack of relation between 
growth and average per-mile fares noted on 
Figure 4 suggests an insensitivity to price. In 
order to examine price effects more critically, 
it is useful to refer to the economic concept of 
elasticity of demand. The demand for air 
travel over a given route is considered elastic 
if a given decrease in price is accompanied by 
a proportionately greater increase in traffic. 
The net result of this will be an increase in 
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Fic. 6. Passenger-mile revenue increases for Chicago air routes, March 1949 to March 1955. 


total revenue. If the traffic increases were 
proportionately less than the price decrease, 
the total revenue would decline. In order 
to examine relationships between any pos- 
sible price sensitivity and price-elasticity of 
demand, therefore, it is helpful to consider 
differential changes in total revenue over indi- 
vidual routes. 

Figure 5 presents the increases in total 
revenue among Chicago's hinterland cities. 
Nearly all instances of “lowered” fares (high 
coach percentages) are seen to have accom- 
panied revenue increases. It is obvious that 
these increases cannot be attributed to an 
essentially elastic demand for air travel since 
virtually all other routes also increased in 
response to an apparent change in national 
travel habits. It is possible, however, to exam- 
ine Figure 5 for evidence of a relatively elastic 
demand for air travel in the form of a con- 
sistent relationship between high coach per- 
centages and above-average revenue increases. 
Initial inspection of the map reveals little con- 
sistency in this relationship. Many of the 


cities with little or no effective coach services 
showed average or above-average increases in 
Chicago revenue; many cities with much 
effective coach service experienced below- 
average increases in Chicago revenue. 

The above-average increases and the high 
coach percentages at the Florida resorts pro- 
vide some initial evidence that the demand for 
resort travel might be relatively price-elastic. 
Further investigation of Miami traffic with 
other centers was carried on, however, and it 
was observed that the high rate of growth of 
Miami traffic seemed to vary independently of 
the percentage of coach traffic. Thus, it is the 
high general rate of growth in Florida travel 
rather than the high coach percentage which 
seems to be closely associated with the high 
Florida growth rates noted on Figure 1. Simi- 
larly, it is not justifiable to point to other indi- 
vidual instances of high revenue growth rates 
accompanying high coach percentages (or the 
converse) and attribute them to an essentially 
elastic demand for Chicago air travel to that 
particular city. Only if the entire map were to 
provide evidence of an over-all consistency of 
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relationship would such a premise warrant 
further investigation.'* 

There is some suggestion on Figure 5 of a 
relatively inelastic demand for short-haul air 
travel. Despite slight fare increases and the 
general absence of effective low-fare serv- 
ices at such cities as Detroit, Cleveland, and 
Columbus (as well as numerous small-volume, 
short-haul cities), they experienced revenue 
increases comparable to those at such large- 
volume, long-haul cities as Los Angeles and 
San Francisco. 

A final aspect of airline price geography is 
illustrated by Figure 6. The shading repre- 
sents revenue-increase categories just as on 

“The Florida case should serve to underline the 
fact that this section does not constitute an attempt to 
analyze the price elasticity of demand for air travel. 
The isolation of the price effect from such important 
determinants of demand as income, prices of substi- 
tutes, etc., is obviously a task for an economist, Con- 
sideration of this economic concept, however, does 
sharpen the description of some of the tendencies 
noted on the coach-service maps, and points up the 
mportance of considering changes in total revenue 
provided by individual Chicago routes. 


Residual growth rate of Chicago air traffic from a regression of growth rate on both length of 


— 


Figure 5, but the city circles are graduated 
according to passenger-miles rather than pas- 
sengers. Since passenger-miles are roughly 
proportionate to revenue, this map provides a 
more realistic perspective from which to view 
the revenue percentage increases. Despite the 
very high percentage increases of the small- 
volume,’® short-haul routes within the rail 
coach zone, their absolute magnitude is seen 
to be negligible. Although they nearly doubled 
their share of Chicago's traffic during the 
study period, they accounted for only two per- 
cent of the total revenue in March 1955. Con- 
versely the high percentage increases of the 
Florida resorts are considerably more impres- 
sive in view of the large revenue totals 
involved. Florida traffic increased from 15 
percent of Chicago's total revenue in March 
1949 to 21 percent in March 1955. 


OTHER FACTORS IN GROWTH OF AIR ROUTES 
Both statistically and cartographically, it is 
clear that there is much variation on the 


'® Small in this instance is defined as fewer passen- 
gers than those on the Toledo route (901). 
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growth rate map which is not associated with 
variations in length of haul or variations in the 
pricing of airline services. Judging from the 
results of the regression analysis in which 
growth rate was treated as a dependent vari- 
able and both length of haul and coach per- 
centage were treated as independent variables, 
more than three-fourths of the variation in 
non-Florida growth rates on both Figure 1 and 
Figure 2 remains statistically unexplained.'® 
As a first step in detecting some of the many 
remaining factors associated with the growth 
of specific routes, this residual variation has 
been plotted on Figure 7 for the 35 coach 
cities." The line pattern is centered on the 
regression line. The light patterns are clearly 
below the line; the black patterns are clearly 
above the line. Thus, the black pattern at 
Philadelphia indicates that Philadelphia—Chi- 
cago traffic increased more rapidly than would 
be expected from the average relation between 
rate of growth, on the one hand, and both 
length of haul and amount of effective coach 
service, on the other. The light shading at 
Minneapolis represents a rate of growth which 
is less than would be expected from length of 
haul and coach percentage. Examination of 
the residuals on Figure 7 should therefore 
stimulate speculation as to possible less obvi- 
ous growth characteristics, those not associated 
with long-haul or low-fare routes. For the 
cities without Chicago coach services, Figure 
5, the revenue increase map, should serve 





* It is probable that some of this residual variation 
is associated with such haphazard factors as bad 
weather, conventions, strikes, etc. In the absence of 
precedents, it is difficult to evaluate the apparently 
low r* figure of 20 percent since cross-section analyses 
of growth rates on individual routes based on two- 
week periods might be expected to be quite erratic. 

* The mapping of regression residuals in terms of 
point symbols is analogous to the same procedure in 
terms of areally more continuous phenomena as dis- 
cussed in Arthur H. Robinson and Reid A. Bryson, “A 
Method for Describing Quantitatively the Correspond- 
ence of Geographical Distributions,” Annals, Associa- 
tion of American Geographers, Vol. XLVII (1957), 
pp. 379-91. Strictly speaking, these are residuals from 
the least squares line (or plane) of best fit to a formu- 
lation in which rate of growth is treated as a depend- 
ent variable, and both length of haul and coach per- 
centage are treated as independent variables. In this 
study, the mapping of residuals is regarded as a 
descriptive device whereby the departures from a 
weak general relationship may be examined on a map 
for purposes of suggesting additional relationships. 
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a similar purpose in suggesting additional 
growth factors. 

One interesting feature of Figure 7 is the 
tendency for such Eastern Seaboard traffic. 
shadow cities as Boston, Hartford, and Phila. 
delphia to register high residual growth rates, 
Two other traffic-shadow cities without Chi. 
cago coach services, Providence and Baltimore. 
also recorded high growth rates on Figure 5, 
To a considerable extent these are associated 
with improved services scheduled in 1955 but 
not in 1949. This association, in turn, may 
reflect a tendency for direct Chicago air link. 
ages to be expanded to the secondary centers 
after an initial phase of disproportionate con- 
centration on the very largest centers, such as 
New York. Traffic shadow in general, how- 
ever, is still noticeable on the map. Although 
the Eastern Seaboard traffic-shadow cities 
experienced a slight increase in their share 
both of Chicago's total traffic and of total 
revenue from 1949 to 1955, the other traffic. 
shadow cities** experienced a slight decline in 
these respects. 

There is also some weak evidence on Figure 
7 that the large-volume, short-haul routes east 
of Chicago have higher residual growth rates 
than do those west of Chicago (see Detroit, 
Cleveland, Pittsburgh, and Cincinnati as com- 
pared with Minneapolis and Kansas City). In 
part, this is related to the generally increased 
importance of long-haul flights, which in tum 
may be associated with the decreased impor- 
tance of regional ties in the generation of air 
traffic. Comparative Chicago and New York 
growth rates, plotted on work maps, lend some 
support to this generalization. For the westem 
group of cities, low Chicago growth rates were 
matched by high New York rates; for the east- 
ern group, low New York growth rates were 
matched by high Chicago rates. Minor fluctu- 
ations in the fortunes of individual airlines also 
seem to be reflected in the map of residual 
variations. High growth rates at such cities as 
Denver and Salt Lake City may be associated 
with the presence of United Air Lines, which 
recorded relatively low traffic levels at these 
points in 1949. It is also possible that the 
unusually low growth rates at Minneapolis and 
Kansas City may be associated with difficul- 
ties experienced by Northwest and TWA, 

'® Using the previously cited criterion of a larger 
standard metropolitan area within 120 highway miles. 
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respectively, rather than with an east-west 
differential.'® 

On the revenue-increase map, another group 
of cities seemed to have experienced increases 
in Chicago traffic despite apparently unfavor- 
able length-of-haul and coach-fare conditions. 
These are the short-haul, small-volume cities 
referred to previously. Although the revenue 
accounted for by these cities was negligible 
(Fig. 6), the total did increase somewhat, and 
there were a number of impressive individual 
growth rates among them. As is shown on 
Figure 1, the distribution of high growth rates 
among the inner-zone cities was quite erratic. 
Such cities as Saginaw-Bay City, Evansville, 
and Fort Wayne experienced particularly 
great growth, while cities such as Peoria, 
Grand Rapids, and Muskegon experienced 
below-average growth. Meager evidence sug- 
gests the presence of branch plants of large 
corporations as one possible traffic generating 
factor. The fact that Saginaw-Bay City has 

"Northwest Airlines, which is particularly promi- 
nent at Minneapolis, experienced a great deal of 
equipment difficulty during the study period; ‘TWA, 
which is prominent at Kansas City, had management 
and administrative difficulty. 


Actual Chicago flight times with piston-engine aircraft, June 1957. 


unusually poor Chicago rail service suggests 
still another (note its position with respect to 
the rail coach zone on Figure 1). 


FUTURE PROSPECTS 

Any consideration of the implications of the 
traffic maps for the future development of air 
travel must be preceded by a consideration of 
probable future pricing and_ technological 
change within the airline industry as well as 
the over-all size of the travel market. A con- 
tinuation of fare decreases comparable to 
those associated with the initiation of coach 
services is quite unlikely. It is more likely, in 
fact, that there will be fare increases.*’ In 
terms of improved services, however, the 
widespread introduction of domestic jet serv- 
ices will have a pronounced technological 
impact on travel time, as is shown on Figures 
8 and 9. The isochrones in Figure $ represent 
airport-to-airport flight time from Chicago to 
all cities with four-engine, non-stop services in 
1957. On Figure 9, the isochrones are drawn 

* In recent years, the airlines have been requesting 


permission from the Civil Aeronautics Board to 
increase fares, The Board’s general passenger fare 


investigation is an outgrowth of these requests. 
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for estimated jet flight times to the same 
cities.“ Obviously the time or technological 
friction of distance will be reduced to a posi- 
tion of minor significance. California flights 
will consume between three and four hours as 
compared to six hours with piston-engine air- 
craft. 

Faster, more comfortable service, however, 
is not necessarily a guarantee of a continuation 
of the rapid growth noted in the 1949-1955 
period. The growth implications of the traffic 
maps must be evaluated against the over-all 


*1 It is interesting to note that the greater speed of 
the jet has no appreciable effect on travel time within 
the one-hour zone. This is due to the relatively fixed 
time losses involved in taxiing, takeoff and landing, 
and the flying time necessary to attain airspeeds 
greater than those of piston-engine aircraft. Figure 9, 
the jet map, is based on generally conservative figures 
for 575 m.p.h. jet aircraft including a figure of 18 
minutes for airport time and block speeds which 
increase with stage length as contained in Lord Doug- 
las of Kirtleside, “The Economics of Speed,” The Jour- 
nal of the Institute of Transport, Vol. 27 (May, 1957), 
pp. 115-34. No headwinds or tailwinds are included 
in these estimates so that actual schedules will differ 
from the isochrones. Figure 8 was based on schedules 
for July 1957, as published in the Official Airline 
Guide. 


size of the United States travel market” As 
shown on Figure 10, total passenger-miles per 
capita for the entire country have shown a 
steady increase. Much of this, however, has 
been due to an increase in private automobile 
passenger-miles per capita, and common-car- 
rier passenger-miles per capita have actually 
declined somewhat. Thus, much of the air- 
lines’ increase must have been associated with 
the railroads’ decrease. It would seem from 
Figure 10 as well as from the high growth 
rates of the long-haul routes (Figures | and 2) 
that the process of penetration of the rail 
first-class market does not have much further 
to go. To a considerable degree, therefore, 
continued rapid growth in air travel must be 
associated with induced common-carrier tral- 
fic. This may consist of traffic which now 
does not exist, or traffic which is now domi- 
nated by the private automobile. It is for 
evidence of possible sources of new travel, 
therefore, that we now consider the implica 
tions of the traffic maps. 


#2 For some recent expressions of airline industry 
concern over this problem, see “Watch the Highways, 
American Aviation, October 6, 1958, p. 7, and “Things 
Won't Be the Same by 1962,” American Aviation, Ser 
tember 22, 1958, p. 7. 
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First, increased common-carrier travel might 
result from the fact that linkages are becoming 
increasingly tight among the very largest cen- 
ters irrespective of distance. In particular, 
California traffic to Chicago and other large 
centers of the American Manufacturing Belt 
seems to be increasing more rapidly than 
would be expected merely from continued 
penetration of the long-haul rail passenger 
market (Figures 1 and 2), partly because of 
population shifts. This type of traffic should 
also derive the most benefit from the initiation 
of jet services as discussed above. The high 
growth rates at the Eastern Seaboard traffic 
shadow cities may be another indication of 
intensified interaction between the largest 
centers. It is probable that some of this traffic 


could be considered as having been induced. 
Most Chicago-Eastern Seaboard travel is 
business travel, and studies have indicated that 
a remarkably large percentage of such traffic 
comes from the repeat traveler.2* The cumu- 
lative time penalties associated with repeat 
surface travel provide evidence that this is 
probably another respect in which air trans- 
portation has altered the nation’s travel habits. 
Here too, the jets’s advantages may bring 
about further changes in travel and business 
habits. The same small group of executives 
might be able to carry on an increasingly large 
share of their activities in the form of per- 
sonal contacts, meetings, etc. 

A second possible source of induced travel 
is the short-haul market, now dominated by 
the private automobile. Some idea of the 
potential size of this market may be obtained 
from an examination of Figure 11, on which 
city circles are graded in size according to 
Chicago phone calls.** Phone calls are an 
evidence of linkages between cities just as is 
air traffic. In fact, phone call data are used 
by airline research departments in attempts to 
estimate expected traffic between any two 
points. In a sense, therefore, this map repre- 
sents a relative potential of each city as a mar- 
ket for Chicago air travel. With the availabil- 
ity of fast, convenient air travel, individuals 
will more and more frequently find themselves 
choosing between a plane trip and a long-dis- 
tance phone call. The huge potential for travel 
within the zone of rail coach service is evident 
from the map as are the generally low ratios 
between Chicago passengers and Chicago 
phone calls. Such cities as Indianapolis and 
Moline had approximately one Chicago air 
passenger for every 20 Chicago phone calls as 
compared to an over-all average of one air 
passenger for every ten phone calls and a 


°3 Port of New York Authority, New York's Air 
Travelers, Eno Foundation for Highway Traffic Con- 
trol (Saugatuck, Connecticut: 1956), p. 49. 

*4 The phone call data were compiled by the Illinois 
Bell Telephone Company. Among possible weaknesses 
in the data are the following: (1) 1956 phone-call 
figures were used as compared with 1955 air passenger 
figures; (2) no attempt was made to delimit and 
equate the differing air-passenger and phone-call trib- 
utary areas of the 91 cities; (3) the phone-call data 
were available only on a sent-paid and received-collect 
basis for a 10-day period (excluding Saturday and 
Sunday) and therefore had to be expanded to approxi- 
mate monthly two-way figures. 
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California figure of one air passenger for every 
five Chicago phone calls. The airlines’ failure 
to exploit the short-haul market is, of course, 
associated with the superiority of private auto, 
bus, and rail transportation within the zone of 
rail coach service. Prospects for increased 
penetration of the huge travel potential within 
this zone will not be aided greatly by jet 
aircraft. The comparative time saving is of 
negligible absolute magnitude, and the jet is 
not economically suitable for short-haul opera- 
tions. Development of economical helicopter 
service would have far more impact on short- 
haul, large-volume routes. Nonetheless, there 
is evidence on the maps that the airlines may 
have had some success in diverting traffic 
from the private automobile within this zone. 
For example, fairly high ratios at certain large 
volume cities, such as Detroit and Cleveland, 
may be another indication of the importance 
of the repeat business traveller. High growth 
rates at some of the small centers within the 
rail coach zone (Fig. 1) provide another indi 

cation that some diversion may be in process, 
although totals 
ratios are still quite low.*° 


passenger and phone-call 


Finally, induced air travel could result from 
a continued increase of recreation travel. One 
of the most striking developments of the 1949 
1955 period was the growth of the Florida 
resort traffic not only with Chicago but with 
the other large Manufacturing Belt centers 
(Figures 1 and 2). As discussed earlier, air 
transportation has apparently helped alter 
United States travel habits in this respect. Jet 
service, however, will probably have a greater 
impact on international than on domestic rec- 
reation travel. Figures 12 and 13 show the 
contrast between present schedules and esti- 
mated jet schedules. On the 1957 map, most 
of Africa and Asia is beyond the 24-hour 
zone.** Only the Caribbean centers fall within 


the ten-hour zone. On the jet map, the ten- 


2° It is also possible that the airlines will reduce 
losses on these uneconomic routes by raising fares, in 
view of the apparent insensitivity of short-haul traffic 
to price increases. 

“Schedule and coach fare 
Official Airline Guide, July, 1957. Traffic figures are 
from Air ‘Transport Association, op. cit. ey 
refer only to passengers ticketed through from Chicago 
to a foreign destination via an American flag air car 
rier. The jet isochrones include a one-hour stopover 
every tive hours. 


figures are from the 
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hour zone has expanded to include Western 
Europe, the Western Mediterranean, much of 
South America, and Hawaii. Most of the 
world will be within 24-hours’ flight of Chi- 
cago. 

On the basis of these maps, and in the light 
of air transportation’s impact on domestic 
recreation travel, one might expect a virtual 
explosion of international recreation traffic. 
As is illustrated by Figure 14, however, there 
remains an appreciable cost-friction of dis- 
tance. Note how the circles indicating Chicago 
passenger generation are clustered in the 
Caribbean, inside the $100 line for one-way 
coach fares. The absolute amounts involved 
are substantial enough to constitute a serious 
problem to the two-week vacationers who 
must necessarily form the majority of the 
much-discussed mass market for international 
recreation travel. Prospects of international 
fare reductions are problematic. On the nega- 
tive side are such factors as the dubious 
operating economies of jet aircraft and the 
rigidities of international fare agreements. On 
the positive side are the recent development 
of a third and lower level of international 
fares and the tapering fare structure noted on 


the map of average per-mile fares (Fig. 4). 
Extension of this closer relation between fares 
and operating costs to international travel 
would result in sizeable reductions. 


SUMMARY 


Inspection of traffic maps, chiefly depicting 
changes in Chicago’s air passenger traffic 
between March 1949 and March 1955 has led 
to the following findings: 

(1) The effects of recreation travel. The 
spectacular growth of Florida resort travel to 
Chicago and to other Manufacturing Belt cen- 
ters is associated with a basic change in recre- 
ation travel habits. Initiation of jet services 
should make this traffic increasingly important 
with a probable stress on international travel 
if domestic trends in fare adjustments are 
reflected on international routes. 

(2) The effects of length of haul. Length of 
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haul is also associated with high growth rates 
although the relationship is somewhat weake; 
and more variable than in the Florida resop 
traffic. The effects of length of haul have beep 
particularly noticeable on large-volume routes 
and in traffic to cities beyond the rail oye. 
night zone as compared to cities within the 
rail coach zone. 

(3) The effects of low coach fares. The 
selective application of coach fares by the air. 
lines has resulted in an average per-mile 
fare structure which decreases with distance 
Although this inter-weaving of the distance 
and price effects renders difficult the precise 
isolation of either as a growth factor, there 
does seem to be a certain sensitivity to price 
evident on long and medium-haul routes. Ip 
the case of short-haul traffic, however, high 
growth rates at many small cities without 
coach services indicate a lack of sensitivity to 
price. 

(4) Other effects. Improved services and 
repeat business travel are apparently associ- 
ated with the tendency for air traffic between 
Chicago and Eastern Seaboard traffic-shadow 
cities to increase more rapidly than would be 
expected from the length of haul and the 
amount of coach traffic. A weakening of 
regional as opposed to national ties may be 
associated with the low growth rates at certain 
large-volume, short-haul cities west of Chicago. 
With jet services, tighter linkages and more 
repeat business travel are probable between 
Chicago and other Manufacturing Belt cities, 
as well as between Chicago and California 
centers. 

Airline penetration of the large market 
within a roughly 400-mile zone wherein pr- 
vate auto and rail coach are most competitive 
has not been markedly successful and jet serv- 
ices promise little help. However, the high 
growth rates at certain small cities close to 
Chicago and the high phone-call ratios at 4 
number of large nearby cities indicate that 
some of the conventional generalizations as to 
the weakness of short-haul air traffic might 
well be re-examined. 
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ORIGINS AND DEVELOPMENT OF A FOOD ECONOMY 
IN CENTRAL MINAS GERAIS’ 


KEMPTON E. WEBB 


Indiana University 


HE sudden and tumultuous impetus given 

to the beginning phases of a food econ- 
omy in central Minas Gerais, due to the dis- 
covery of gold there in the late seventeenth 
century, resulted in speculation in food pro- 
duction which has persisted in some degree to 
present times. One beneficial effect of the gold 
rush was the opening up of pack trails from 
Sao Paulo, Rio de Janeiro, and Bahia to the 
bleak mountain fastnesses where gold was 
being mined. With the decline of the gold 
rush many miners turned to the more mun- 
dane, but more secure, activity of farming and 
cattle raising. The growing markets of Rio de 
Janeiro for agricultural products and beef and 
the later surge of a coffee market brought 
about the concentration of an agricultural pop- 
ulation in southern Minas Gerais, especially in 
the Zona da Mata. Railroads and roads, each 
in their turn, had and are having their heyday 
as carriers of food from producer to consumer. 


Even the airplane is being used for the trans- 
port of food. 


THE ERA OF THE GOLD RUSH 


The appearance of a dense population with 
a relatively high purchasing power in the des- 
olate gold mining areas of Minas Gerais in the 
early eighteenth century resulted in the estab- 
lishment of currents of trade which led from 
the cities, towns, and backlands of Brazil and 
converged upon those gold areas.” 

Because of Indian scarcity and Antillean 
competition in sugar production, Indian-slave 
hunting waned at the end of the seven- 
teenth century as a profitable activity for the 
mameluco (Portuguese-Indian mixture) ban- 
deirantes of Sao Paulo.? With less sugar to 

‘Financial support for the author’s stay of fourteen 
months in Brazil in 1956-57 came from the National 
Academy of Sciences—National Research Council. The 
staff of the Syracuse University Department of Geog- 
raphy, and particularly Preston E. James, read the 
manuscript and offered helpful suggestions. 

* Mafalda P. Zemella, O Abastecimento da Capitania 


— Gerais no Século XVIII (Sho Paulo, 1951), 
p. 21. 


* Affonso de E. Taunay, Histéria Geral das Bandei- 
ras Paulistas, Tomo IX (10 vols.; Sio Paulo, 1948), 
pp. 37, 38, 43, 


grow there was less need for slaves. During 
the last quarter of the seventeenth century, 
then, many of the bandeirantes devoted all their 
energies to ore hunting. Royal letters urged 
the Paulistas on to gold, glory, and the prom- 
ise of other tantalizing rewards.* Seductive 
legends of the famed city of Manoa, the Serras 
das Esmeraldas (the Emerald Mountains), 
etc., kept alive the dreams of quick and easy 
wealth, the very same El Dorado concept 
which counted so strongly in the conquest and 
settlement of Spanish America. 


THE SETTLEMENT OF MINAS GERAIS 


Word of the gold strikes and the accom- 
panying gold fever spread rapidly throughout 
Brazil and outside of Brazil. Thousands of the 
more vigorous members of the colonial popu- 
lation left the cities and villages and headed 
for Minas Gerais. They came from Sao Paulo, 
Taubaté, Piratininga, Iti, Jacaréi, the old 
sugar areas of Northeast Brazil and many other 
places, coming in such numbers that some 
settlements were almost totally abandoned. 
Antonil, writing in the first decade of the 
eighteenth century, estimated that more than 
30,000 people were occupied in seeking gold, 
actually mining gold, or in service activities.* 

In 1698 the Crown of Portugal approved a 
recommendation by Arthur de Sa, the gover- 
nor of Rio de Janeiro, that a road be opened 
directly from Rio de Janeiro to Minas Gerais 
in order to facilitate the entry into Minas 
Gerais of people and supplies. The Crown, it 
must be remembered, was in a position to gain 
from a high output of gold since legally one 
fifth, the royal Quinto, of all gold mined 
belonged to the Portuguese crown. 


* Ibid., p. 147. 

* André Jofo Antonil, Cultura e Opulencia do Brasil 
(Salvador, 1950), p. 225. This book, first published 
around 1710, was confiscated by the Portuguese State 
and remained ignored for almost 150 years. It is a 
remarkable eye witness account of colonial institutions, 
events, and practices as seen by the Jesuit priest, 
Antonil, 

®MS from the Archivo Nacional, Colecdo Governa- 
dores do Rio de Janeiro, Livro VI, f 142, cited by 
Zemella, op. cit., p. 39, 
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Colonial pack trails in Minas Gerais. These trails were the main axes of entry to the newly opened 


mines of Minas Gerais in the early 18th century from principal supplying areas. 


Government authorities concerned them- 
selves with the opening up of ways of com- 
munication with Minas Gerais, and especially 
with facilitating the crossing of rivers by the 
provision of boats and supplies for the needs 
of the gold seekers. The authorities also 
ordered the planting of food crops along the 
roads leading to the mines and encouraged 
establishment of road houses on the routes. 
In view of the Quinto institution, all these pro- 
visions appear reasonable when seen as a 
fiscal, and not as a social, policy.” 

The depopulation of cities in Portugal and 
along the Brazilian coast almost created a 
public calamity, which led the Crown to 
reverse its policy from one of encouragement 
of gold seekers to one of limiting the entrance 
of people to the mining areas. The resultant 
decrees of 1709 and 1711, however, were dis- 


* Zemella, op. cit., p. 39. 


obeyed and ignored by the people. This is no 
great wonder since the enforcers of such 
decrees, the soldiers and other representatives 
of the Crown, themselves were deserting their 
posts and running to the mines in search of 
quick wealth.* The government prohibited 
the opening of new roads to Minas Gerais, and 
also tried to expel foreigners, priests who did 
not have missions at the mines, beggars, and 
vagrants,® but with little effect against the 
huge wave of population influx which was vir 
tually unstemmable. 

Augusto de Lima estimated that about 
800,000 Portuguese came to Brazil in less than 
one hundred years because of the attraction of 
gold, an astonishing number in view of Portu- 


*MS of the Archivo Nacional, Colegdo Govems 
dores do Rio de Janeiro, Livro XIII A, f. 273v., cited 
by Zemella, O Abastecimento ... , p. 40. 

* Zemella, op. cit., p. 45. 
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gal’s total population of only about 2,000,000 
at the beginning of the eighteenth century.’ 
Within the area of gold occurrence, urban type 
agglomerations rapidly appeared (see Fig. 
1); Vila Rica (today called Ouro Preto), 
Mariana, Caeté, Sabara, Vila do Principe 


(Serro), Arraial do Tejuco ( Diamantina ), etc. 
In 1720 the capitania of Minas Gerais was 
created; the capitania was estimated to have 
had about 320,000 people in 1776, and about 
650,000 by the end of the eighteenth century."! 


THE AREAS WHICH SUPPLIED MINAS GERAIS 


Sao Paulo—The discovery of gold was a 
paulista venture and the villages of Sao Paulo 
were considered to be the logical suppliers 
and provisioners to the mining areas of Minas 
Gerais. When gold was discovered, however, 
the villages of Sao Paulo simply did not have 
the quantities of food to spare to send to 
Minas Gerais.!” As a result, prices soared and 
food and other items became scarce. Food 
scarcity in Sao Paulo village in 1709, resulting 
from its shipment to the higher paying mar- 
kets of Minas Gerais, compelled the Camara 
Municipal to decree that farinha de mandioca, 
wheat, beans, maize, hog fat, and beef cattle 
could not be sold outside the surroundings of 
the village. 

If Sao Paulo and other trading centers such 
as Sorocaba were not in key positions as food 
suppliers to Minas Gerais, they excelled as 
convergence centers for horses, beef cattle, 
burros, and mules from southern Brazil.’ 
Also, overseas items, such as manufactured 
goods and African slaves, funnelled through 
Sao Paulo via the port of Santos. 

The supply routes of people, animals, and 
cargo from Sao Paulo to the mines in the very 
early eighteenth century were mainly the fol- 
lowing (see Fig. 1): 

(1) From Sao Paulo to Mogi das Cruzes, 
Taubaté, Pindamonhangaba, Guaratingueta, 
Boa Vista, Rio Grande, Rio das Mortes, and to 
the Serra da Itatiaia where the road forked, 
one branch going to Vila Rica (Ouro Preto) 


® Augusto de Lima Junior, A Capitania de Minas 
Gerais (Rio de Janeiro, 1944), p. 87. 

" [bid., p. 99. 

* Zemella, op. cit., p. 51. 

“8 Atas (Acts) da Camara Municipal de Sao Paulo, 
Vol. VIII, p. 86, cited by Zemella, op. cit., p. 52. 

_ Pierre Defontaines, “As Feiras de Burro de Soro- 
caba,” Geografia, 111, Ano I (1935), p. 263. 
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and the other to the mines near the upper Rio 
das Velhas.'® 

(2) From Sao Paulo to Braganca, Extrema, 
the valley of Camanducaia, and then joining 
the first road south of Rio Grande. 

(3) From Sao Paulo, following closely the 
present trace of the Estrada de Ferro Mogiana 
( Mogiana Railroad ). 

The most frequented route was the first one 
mentioned above, and in the first years of the 
gold rush it was the only route. Before the 
building of road houses and resting places, the 
journey to the mines took about two months.'* 
Not much speed could be made since the pack 
trains generally had to stop in the early after- 
noon to rest or hunt and fish for the evening’s 
meal. 

Over the rough trail from the villages of Sao 
Paulo to the mining areas of central Minas 
Gerais went salt pork, aguardiente,'* sugar, 
wheat, imported foods, such as salt, olive oil, 
vinegar, and wine, in addition to dry goods 
and other manufactured items.'* 

In summary, Sao Paulo, which at the begin- 
ning of the mining era did not have the organ- 
ized sources of production on a large scale nor 
the man power to supply Minas Gerais, impro- 
vised agricultural production in such vigorous 
form that Sado Paulo came to serve as the 
economic rear guard of the mining regions in 
all central and western Brazil.’® 

Rio de Janeiro.—Before the gold rush in the 
1690's Rio de Janeiro was a small town without 
any great commercial importance. Nearby 
were small-scale plantations, sugar mills, and 
cattle corrals; small because of limited export 
possibilities. At that time Rio de Janeiro could 
not compete on the world sugar market with 
the production of Northeast Brazil. Rio de 
Janeiro remained cut off from the Minas 
Gerais gold excitement until the New Road 
(Caminho Novo) was built. No one then dis- 
puted Rio de Janeiro as the boca das minas 
(mouth of the mines). The routes to Minas 
Gerais from Rio de Janeiro were the following: 

(1) The first route, called the “Old Road” of 
Rio de Janeiro, to Minas Gerais, led by sea 


 Antonil, op, cit., p. 257-60. 

6 Antonil, op. cit., p. 257. 

‘TA cheap, inferior quality brandy distilled gen- 
erally from sugar cane; the popular Brazilian name for 
it is cachaga. 

'S Zemella, op. cit., p. 53. 

” Zemella, op. cit., p. 61, 





412 


westward from Rio de Janeiro to the port of 
Parati, and then by trail over the Serra do Mar 
to Taubaté where it joined the old paulista 
road. This Old Road was not at all the most 
desirable way to reach the mines because of 
the need to go part of the way by ship, risk of 
attack by pirates, and the great length of the 
trip (up to three months ).*° 

(2) The “New Road” was opened to foot 
traffic in 1701, the road being the first great 
route of penetration to the Brazilian back- 
lands which the Portuguese government had 
ordered.*! Its route led by small boat from Rio 
de Janeiro to the Port of Pilar; then overland 
up to the foot of the Serra do Mar at Tingua, 
over the divide, down to Paraiba do Sul, across 
the Rio Paraiba, then to Correias, Simon Per- 
reira, Juiz de Fora, and Barbacena. Slight 
variants of the route between Rio de Janeiro 
and Paraiba do Sul appeared later, the use of 
which depended upon the type of cargo and 
earriers used (mules, burros, slaves, etc.). 
Whereas the main paulista road took two 
months, and the Old Road from Rio de Janeiro 
to Minas Gerais took around forty-three days, 
the New Road could be travelled in ten to 
seventeen days.** From the environs of Rio de 
Janeiro to Minas Gerais went mainly rice, 
beans, maize, sugar, and aguardiente, and 
through Rio de Janeiro went items from over- 
seas, especially slaves. 

Bahia.—The longer distances from the sup- 
plying markets of Bahia to the mines of Minas 
Gerais were more than compensated for by 
the relative ease of travel. (See Fig. 1.) The 
following routes were used: 

(1) One route led from the Reconcavo 
environs of Salvador along the Rio Paraguassu, 
Rio das Contas, Rio Sao Francisco, and the Rio 
das Velhas to the mines. 

(2) A shorter, faster route branched off 
from the Rio S40 Francisco up along the valley 
of the Rio Verde Grande. Antonil describes 
the latter route as being wide, not difficult, 
especially for cattle herds, and better supplied 
with facilities for the resting and maintenance 
A men and animals.” 

The Bahian markets furnished the mining 


” Antonil, op. cit., p. 261 

“ LemeAlla, op. ctt., p. 126 

% Basilio de Magalh4es, Expansdo Ceografica do 
Brasil Colonial (ard ed.; Rio de Janeiro: Biblioteca 
brasileizva de Cultura, 1944), p. 532 

 Antonil, op. cit., p. 29 
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areas mainly with beef cattle and farinha de 
mandioca. Both cattle and farinha came from 
the Recéncavo area near Salvador and from 
the upstream margins of the Rio Sao Frap. 
cisco. Whereas the cattle breeders of the 
upper Sao Francisco had traditionally sent 
their animals to Salvador and other Bahian 
cities near the coast, the higher prices paid by 
the gold miners succeeded in shifting the beef 
supply currents southward to the mines. While 
the journey of beef cattle from the upper Sio 
Francisco to Salvador took up to a year, the 
trip to the mines lasted only fifteen to forty 
days, and the miners paid up to five times 
what the Bahian market would pay for beef 
animals.** 

Slaves and European luxury goods also fun- 
nelled into Minas Gerais from Bahia, although 
mostly as contraband. As with the principal 
Sao Paulo-to-Minas Gerais road, the Bahia-to- 
Minas Gerais roads and commerce conducted 
over those roads declined as a result of the 
New Road connecting Rio de Janeiro and the 
mines. 

When the trails from Sao Paulo and Rio de 
Janeiro to Minas Gerais were first opened to 
traffic, slaves performed most of the carrying 
since the trails were not passable for loaded 
beasts of burden. As roads improved, mules 
came more into use. Even the mules still had 
to be unloaded and reloaded for the particv- 
larly narrow and precipitous sections of the 
trail. Slaves continued to carry fragile items 
such as mirrors and dishes.” 


FOOD CONSUMPTION IN COLONIAL MINAS GERAIS 


The characteristics of the food consumption 
pattern appear to have varied with: (1) the 
number of consumers (settlement), (2) gold 
production, (3) the degree of regularity of the 
supply currents, and (4) the appearance of 
local nuclei of food production.*® 

In the early days of the gold rush when the 
mechanism of food supply was not yet estab 
lished, everything was fantastically expensive. 
Gigantic profits lured every imaginable type 
goods from practically all parts of the world 
The second half of the eighteenth century 


* Anon., “Informacgées sobre as Minas do Brasil,” 
Anais do Biblioteca Nacional, Vol. LVI, p. 159, cite! 
by Zemella, op. cit., p. 71. : 

2° Unedited MS of the Arquivo Publico Mineiro, 
Cédice 17, p. 242, cited by Zemella, op. cit., p. 146. 

” LZemella, op. cit., p. 184. 
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marked the decline of gold mining and the 
departure of the fortune seekers. Many of the 
settlements were partly or totally abandoned. 
The decrease in the number of entry permits 
for food commodities was partly due to 
decreased consumption (fewer people in the 
mining areas ) and partly to an increasing local 
roduction of food near the mines.?7 

Different social classes consumed different 
kinds of food. Slaves were generally poorly 
fed and clothed. One account is cited of slaves 
and the fact that they eat only legumes, maize, 
and beans.2* Zemella points out the essential 
subsistence foods as being rice, beans, maize, 
beef, salt, sugar, and salt pork. Meat and salt 
were practically indispensable. 

Meat formed the food base. In the early 
days meat hunger led people to kill and eat 
draft animals and other animals too old for 
slaughter by ordinary standards. The Count 
of Assumar estimated that the consumption of 
meat by about 30,000 people during his gov- 
emment (1717-21) was 18,000 to 20,000 beef 
animals per year.*® Figuring about 150 kilo- 
grams of meat per animal,®° the average con- 
sumption per person would have been about 
100 kilograms per year.*! 

The primary furnishers of beef cattle were 
the states of Bahia and Pernambuco, the tradi- 
tional suppliers of the old sugar areas of 
Northeast Brazil. But the Portuguese authori- 
ties also sought to stimulate cattle production 
in Minas Gerais by distributing numerous land 
grants with the stipulation that the grantee 
establish corrals. To offset the lack of beef, 
many people raised hogs wherever they could, 
even inside their houses. Even today pork is 
a typical and popular meat dish in Minas 
Gerais. 

Dried fish came to the mines from the upper 

* Zemella, op. cit., p. 187. 

**“Roteiro Andnimo do Maranhio a Goias,” Revista 
do Instituto Histérico e Geografico Brasileiro, Vol. 99, 
p. 95, quoted by Zemella, op. cit., p. 189. 

* Taunay, op. cit., Vol. X, p. 233. 

“An average of 180 kilograms of meat per beef 
—_ is retrieved by the Belo Horizonte slaughter 

"Compare this figure to beef consumption in For- 
taleza Ceara, about 40 kg./person/year, and in the 
United States, about 38 kg./person/year. Sources: K. 
Webb, Suprimento de Generos Alimenticios Basicos 
Para @ Cidade de Fortaleza, Banco do Nordeste do 
Brasil, S. A., 1957, p. 32; and Statistical Abstract of 
the United States 1958, U. S. Department of Com- 
merce, p. 680, 
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Rio Sao Francisco and its tributaries. Salt pork 
came from Sao Paulo, and much dried beef 
found its way to the mines from Bahia over 
the caminho do sertéo, the Bahian trail. At 
the end of the eighteenth century, develop- 
ment of the charque process made possible 
shipments of dried and salted meat all the way 
from Rio Grande do Sul to Minas Gerais.*” 

Salt, if not the most essential item of diet to 
the mining population of colonial Brazil, was 
the second most essential item. Both human 
beings and animals craved salt. Since salt was 
a monopoly of the Portuguese crown, all pro- 
duction of salt in Brazil was illegal. By the 
time salt from Portugal arrived in Brazil, 
onerous taxes aggravated the already absurdly 
high prices of the salt. There was seldom 
enough salt. Animals seeking to assuage their 
salt hunger were reported as eating salty clay, 
the bones of dead animals, and lapping the 
urine-impregnated ground surrounding dwell- 
ings. The salt monopoly was very nearly the 
cause of several revolts; however, it came to an 
end in 1795.%* 


AN EVALUATION OF COLONIAL FOOD 
SUPPLY IN MINAS GERAIS 


It was not easy to provision those mining 
settlements which sprang up almost over- 
night. There were hunger crises on numerous 
occasions. Moreover, Brazil did not have a 
commercial tradition in the late seventeenth 
century. During the sixteenth and seventeenth 
centuries the Brazilians were engulfed in a 
sugar monoculture and a narrow economy 
based upon local domestic subsistence needs. 
The problems of food supply at that time, 
some of which continue today, were as fol- 
lows: 

(1) The great distances separating the pro- 
ducing and consuming centers. 

(2) The small production of food in areas 
which later became suppliers of the mining 
areas. 

(3) The non-existence of a commercial tra- 
dition in Brazil, with the exception of the 
export of tropical products and an active slave 
trade. 


* Zomella, op. cit, p. 192 

“ An exhaustive treatment of the salt monopoly in 
colonial Brazil is found in: Miriam Ellis, O Monopelio 
do Sal no Estado do Brasil, 1631-1801! (Sto Paulo 
Faculdade de Filosofia, Ciencias, e Letras da Univer 
sidade de Sao Paulo, 1983), 263 pp. 
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(4) The lack of money itself as a circulating 
medium of exchange. 

(5) Poor or non-existent communications 
and transportation facilities. 

(6) Lack of facilities to preserve food for 
long periods. 

(7) The difficulty of importing foreign 
goods. 

(8) The multiplicity and complications of 
taxes levied upon goods entering Minas Gerais 
from adjacent areas.** 

With food coming to the mining areas from 
as far away as Europe (olives, salt, wine, 
cheese, salted fish, fruits) as well as from 
local areas of production (cereals, legumes, 
and beef cattle) under very difficult condi- 
tions of transportation, the supply situation 
was precarious and irregular, especially during 
the first half of the eighteenth century. To 
establish continuity in food supply, contracts 
and monopolies were instituted, but the result 
was usually speculation.*® 

The roads leading to the mining areas were 
trails which were really suitable only for 
pedestrian traffic. During the first phase of 
the gold rush the means of transport used was 
the backs of slaves. Afterwards, with a widen- 
ing of the trails, horses could be ridden along 
the trails. The burro was probably a very 
suitable carrier of cargo to Minas Gerais, in 
view of the rugged terrain which the roads 
traversed, especially over the Serra do Mar 
and the Serra da Mantiqueira. 

Another reason why burros were more com- 
monly used than mules is that mules were 
more costly, both in purchase price and in 
maintenance. In either case, the animals were 
generally unloaded and the cargoes carried by 
slaves to a point of safety where particularly 
treacherous sections were encountered. To 
these mechanical obstacles was added the con- 
stant danger of ambush and robbery to pack 
trains and convoys. 

Food preservation had some success after 
the introduction of salting and smoking of 
meat and the making of doces (a sugared fruit 
preserve) using the banana, goiaba, and mar- 
melo.” 

In general, very few or no stocks of provi- 
sions were kept in cities. When rains made 


* Zemella, op. cit., p. 211. 
* Zemella, op. cit., p. 216 
* Lemella, op. ctt., p. 218. 
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roads impassable and supplies could not be 
sent to an area, hunger and starvation often 
resulted. Even a mild shortage would sen 
prices sky-rocketing. Antonil, in 1703, paid 
three or four oitavas of gold for one chicken." 
Price conversions made by Simonsen (1937) 
and Zemella (1950), afford us the following 
approximate prices in dollars of 1950. 


One keg of aguardiente $900.00 
One arroba (15 kg.) of sugar $285.00 or $8.60/1b, 
One chicken $ 27.00 


One taco ( probably a meat 


sandwich ) $ 9.00 
One beef animal $900.00 
One loaf of bread $ 27.00 
One eight-pound ham $ 72.00 
Six pounds of beef $ 9.00 or $1.50/lb, 


Supply shortages produced economic, social 
and political consequences which strongly 
influenced the subsequent development of 
Minas Gerais. Principal effects were: 

(1) Arise in prices. 

(2) The temporary halting of mining activ. 
ities. 

(3) The appearance of crop clearings and 
local industries. 

(4) The dispersal of miners, which led in 
turn to the discovery of other gold strikes and 
their accompanying settlements. 

(5) The return of numerous fortune seek- 
ers to their places of origin. 

(6) The war of the Emboabas.** 

Prices beyond the reach of most people at 
the most difficult times reduced the more 
desperate ones to eating dogs, cats, wood saps, 
roots, wild fruits, insect larvae, etc. Hunger 
drove many to disperse in all directions, result- 
ing in the founding of such villages and 
cities as Camargos, Bomfin do Mato Dentro 
(Antonia Pereira), Congonhas do Campo, 
Cachoeira, Sao Bartholomeu, Casa Branca, Rio 
das Pedras, Sao Caetana.*® 

Little by little, however, the food supply 
currents became more firmly established by 
the convergence of all types of goods on the 
mining areas. Antonil remarked on the appat- 
ent wisdom of individuals who saw a larger 
and more secure, if less spectacular, income 


*? Antonil, op. cit., p. 232. 
* Zemella, op. cit., p. 222. 
” Diogo de Vasconcellos, “Histéria Antigua das 
Minas Gerais,” p. 119, and Basilio de Magalhaes, 
“Documentos Relativos ao Bandeirismo Paulista, 
Revista do Instituto Histérico e Geogrdfico de Sio 
Paulo, Vol. XVUL, p. 450, cited by Zemella, op. ct, 
p. 224. 
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by being engaged in commercial activity 
rather than in gold mining itself. These mer- 
chants who busied themselves with the buying 
and selling of provisions to the miners usually 
found themselves better off financially than if 
they had been miners. The miners had to 
eat whether they were finding gold or not. 
Antonil voiced his annoyance with the fact 
that the increased abundance of food, as a 
result of the regularization of the supply chan- 
nels during the first decade of the eighteenth 
century, had not been accompanied by an 
expected fall of prices.*° 

THE DECLINE OF GOLD MINING AND THE INCREASE 

OF AGRICULTURAL PRODUCTION 


The way in which local nuclei of food pro- 
duction in and near the mining areas came 
into being was the outcome of a sort of natural 
division of energies. Psychologically, however, 
an individual seriously considered other activ- 
ities only when he was convinced that he could 
not do well by actually mining gold himself. 

The first people to plant food crops in the 
mining areas were the rich senhores with large 
complements of slaves to pan gold. It became 
apparent to these senhores that feeding their 
slaves and families in a less costly way than 
paying exorbitant prices to merchants for food 
brought in from far away necessitated having 
a few of the older and less hardy slaves plant 
subsistence crops. Any yield in excess of the 
needs of the families and slaves could then be 
sold to other miners at a handsome profit. 

Antonil noted the great wealth accumulated 
by some of the more enterprising people who 
were engaged both in mining and in com- 
merce, or by those who were simply successful 
merchants.*' Bathalzar de Godoy was reported 
to have amassed a fortune of twenty arrobas 
(660 pounds) of gold in connection with his 
dealings in slaves and in food production and 
marketing. 

In the early days of the gold rush the great 
majority of slaves were mining gold since the 
miners realized a greater profit using slaves in 
mining than in agriculture. When the diggings 
were good the miners could pay more for a 
slave than a farmer could. 

In general, the colonial government pre- 


| ferred to keep Minas Gerais in a state of 


—, 


® Antonil, op. cit., p. 231. 
* Antonil, op. cit., p. 238. 
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dependence since the Crown reaped large 
incomes from the import duties and entry 
taxes on goods entering the mining areas. 
Minas Gerais was, however, moving toward 
self-sufficiency. Actually, the decline of gold 
mining was the chief cause for channelling of 
large numbers of people from mining into live- 
stock raising, agriculture, and manufactur- 
ing.*? 

Mining and agriculture assumed a symbiotic 
relationship: slaves were delegated to one or 
the other activity according to the need and 
relative cash return realized in each activity. 
Agriculture was stimulated by the decadence 
of mining, the high cost of food, tools, and 
slaves, and the desire for economic security 
which was not afforded to many of the fortune 
seekers. 

Whereas in the first half of the eighteenth 
century agriculture could not compete for the 
slave prices paid by the miners, in the last 
quarter of that century there was cheap and 
abundant labor for agriculture. 

At the end of the eighteenth century two 
distinct groups were recognized: the miners 
and the farmers. The most important food 
crops grown in Minas Gerais were rice, beans, 
maize, and sugar. In fact, during the very last 
years of that century many of the gold mining 
towns had turned almost completely to sub- 
sistence farming; such towns were Sabara, 
Paracatu, Minas Novas, Sao José del Rei, 
Mariana, and Pitangui (see Fig. 1). The com- 
modities being produced in Sabara at that time 
were maize, beans, rice, sugar, and aguardi- 
ente. Serro Frio was also producing maize, 
rice, and beans and sugar.** Sao Joao del Rei 
is interesting for the fact that it started as an 
agricultural and livestock nucleus of produc- 
tion to supply the mining areas. Then gold 
was discovered there. After a short-lived boom 
period, it returned to agriculture in the late 
1700's. In the environs of Sao Joao del Rei and 
Sao José del Rei were produced rice, beans, 
wheat, maize, hogs, beef cattle, cheese, butter, 
and salt pork.** 

The sterile soils of the mining regions did 
not even support suitable pastures for exten- 

* Zemella, op. cit. p. 239. 

Revista do Arquivo Publico Mineiro, Vol. U. pp. 
452, 368, cited by Zemella, op. cit., p. 246. 

““Nemdéria Historica da Capitania das Minas 
Gerais,” Revista do Arquivo Pablice Mineiro, Vol. UL, 
p. 478, cited by Zemella, op. cit. p. 247. 
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sive cattle grazing. One of the first centers of 
cattle production near the mines was in Curral 
del Rei (located essentially where Belo Hori- 
zonte is today). For many years, however, 
pigs were raised close to the mines. They did 
not require extensive pastures and they did not 
stray far. It was common for pigs to be kept 
in the back yard of a house (the quintal) and 
for a few plants of couve (a leafy green) to 
be tended in the same quintal. Pork and 
shredded couve are still a popular dish in 
Minas Gerais. 

It is interesting to note how, with greater 
local production of crops and animals in and 
near the mining areas, the supply currents 
reversed themselves to a certain degree. Salted 
beef and salt pork were exported to Rio 
de Janeiro from Minas Gerais in the late 
eighteenth century.*® Raising of cattle had 
spread slowly up the margins of the Rio das 
Velhas. The valleys of the Rio Grande, Rio 
das Mortes, Sapucai, and Rio Verde Grande 
also experienced an expanding cattle activity. 
The area around Paracati was second only to 
the Camarca of Rio das Mortes as a beef cattle 
producer which exported cattle to Rio de 
Janeiro in the late 1700’s.*° After 1763, cattle 
went from Minas Gerais to the growing mar- 
kets of Rio de Janeiro. 

In conclusion it has been noted that the 
great magnet of gold drew commodities of all 
types from all over Brazil and abroad to the 
mines in central Minas Gerais. For the first 
time in its history Brazil had an internal com- 
merce of subsistence goods, and this activity, 
in turn, led to the building of roads for use by 
men, burros, mules, and horses. The growing 
consumption of food in the mining areas 
resulted in the increase of cultivated land, 
herds of cattle, and pigs. 

The rich consumer market was one not only 
of quantity but also of quality. Government 
regulations prohibiting entry of certain items 
from other parts of Brazil and abroad could 
not stem the tide of contraband. Most inter- 
esting of all to note, however, is that many of 
the colonial characteristics of the food supply 





*° Sério Buarque de Hollanda, Mongées (Rio de 
Janeiro: Coleco Estudos Brasileiros, 1945), p. 221, 
cited by Zemella, op. cit., p. 250. 

* Caio Prado Junior, Formagdo do Brasil Contem- 
poraneo ($40 Paulo: Livraria Martins Editora, 1942), 
p. 74. 
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picture have persisted and are still evident in 
the mid twentieth century. 


THE RAILROADS 


The elaboration of a railroad network was 
the first transportation innovation after the 
early colonial trails had been adapted fo; 
coach travel. Railroad development began 
near Rio de Janeiro in 1854 and spread inland 
(see Fig. 2).47 Part of the spread of the rail. 
roads was the result of the coffee raising 
activity in Rio de Janeiro state and southem 
Minas Gerais. As the urban nuclei of the states 
of Rio de Janeiro and Minas Gerais grew in 
population during the nineteenth century, 
accompanied by a marked increase of com- 
mercial activity, the railroads were extended 
to tend the needs of these nuclei and their 
hinterlands. 

By 1890 rail connections existed between the 
southeastern part of Minas Gerais and Rio de 
Janeiro, and between the former mining cen- 
ter of Ouro Preto (then the capital of the state 
of Minas Gerais) and Rio de Janeiro via the 
Leopoldina Railway and the Estrada de Ferro 
Central do Brasil, respectively. The transfer 
of the Minas Gerais state capital from Ouro 
Preto to the newly created city of Belo Hori- 
zonte in 1897 resulted in a movement of 
people to the new capital from other parts of 
the state. Belo Horizonte also became an 
active commercial center. Estrada de Ferro 
Central do Brasil had extended its narrow 
gauge trunk line to Belo Horizonte by 1910 
and added a broad gauge trunk from Rio de 
Janeiro to Belo Horizonte by 1930.** 

In those first decades of railway activity the 
trains offered service with which animal- 
drawn vehicles could not compete on the long 
hauls. However, off and away from the rail 
road lines, animals were still the only cargo 
carriers, and even today burro pack trains or 
ox carts bring in produce to a rail head from 
places not accessible by truck. 

In comparison with a modern North Ameti- 
can train, or even present-day truck transporta- 
tion, the railroads in Minas Gerais are not an 
efficient means of transportation. Their routes 
are circuitous, badly maintained, and the 
equipment, with few exceptions, is antiquated. 





471 Centendrio das Ferrovias Brasileiras (Rio de 
Janeiro: IBGE, 1954), p. 2. 
4* [bid., p. 6. 
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The chief importance of railroads until the 
coming of the truck was as a relatively fast 
carrier of goods over long distances. » The 
routes of the colonial roads could not be 
closely followed by the railroads since trains 
required gentler grades than did the roads. 
For this reason many settlements which were 
founded on colonial roads were bypassed by 
the railroads.*® 

New towns and areas of concentrated settle- 
ment sprang up along the new railroad lines, 
but the older towns generally continued to 
maintain their importance. For local transport 
of foods and all goods, for that matter, the ox 
cart, the burro, and the human back were still 
the chief means. The climax of the railroad 
era in Minas Gerais could be considered to 
have been between 1890 and 1930. During 
that period transportation rates were so pro- 
“Preston E. James, Latin America (3rd rev. ed.; 
New York 1959: Odyssey Press), pp. 449-50. 


Spread of a railway network over the core area of Southeast Brazil, 1854-1955. 


hibitively high that people could produce 
items inefficiently and sell locally at a profit, 
whereas more cheaply produced items from 
elsewhere could not enter and compete, due 
to high transportation costs.*° 


THE MOTOR TRUCK 


The relatively recent and rapid inclusion of 
remote areas of Minas Gerais into the eco- 
nomic life of the country can be attributed 
largely to the advent of the motor truck. While 
railroad construction progress has declined 
and essentially stopped, road construction has 
been increasing at a rapid rate over the past 
thirty years or so. 

As more and better roads were constructed, 
trucks not only transported goods from a rail- 
head hinterland to the railhead for transport 
by rail, but also the trucks began transporting 
goods the entire distance from source area to 





5° Tbid., p. 450. 
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posedly transitable throughout the year. 


final destination. Figure 3 shows the rela- 
tively dense network of all-weather roads 
existing in 1956.51 There are many other 
poorer roads which can be travelled only dur- 
ing the dry season, and occasionally some of 
the so-called “all weather roads” are obstructed 
temporarily by wash-outs, landslides, or deep 
mud 

While many foods which are not particu- 
larly susceptible to spoilage are transported 
today by railroads, since railroads often charge 
lower freights than trucks, the generally con- 
sidered dependable and fastest way is by 
truck. 

” Sources: Map: “Rio de Janeiro ¢ Suas Ligagées 
com Goias, Minas Gerais, Espirito Santo, e S40 Paulo” 
(Ceneral Drafting Co., New Jersey, Esso Standard do 
Brasil, 1954), scale, 1/2,000,000. 

Map: “Estado de Minas Gerais: Rede Conservada 
1956” (Departamento das Estradas de Rodagem, 
1956), scale, 1/2,000,000. 


All-weather roads in Southeast Brazil, 1956. Pattern of generally unpaved roads which are sup- 


Trucks have become very significant with 
respect to food supply as there is a growing 
tendency for the owner of a truck, or group of 
trucks, to perform the function of a middle. 
man. The truck owner has the advantage of 
being able to range widely from one place 
to another buying and selling food and other 
items and thereby lessening the gradient 
of differences between supply and demand. 
Small trucks which are accessible to the mod- 
erately successful food producer have enabled 
him to drive his produce directly to market 
and to sell it there himself. 

Current and projected road building pro- 
grams will aid the establishment of a more 
regular food supply. The tremendous impatt 
of the motor truck, however, has not done 
away with the necessity for small-scale local 
transport by ox cart and burros. These crude 
but still functional means of transport ate 
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today often the only means for the food pro- 
ducer to get his products to a place where a 
truck or train will then take them to the con- 
sumer markets, near by or far away. 


THE AIRPLANE 


The great distances of many food producers 
from consumer markets has been compensated 
for by the recent use of air cargo to transport 
perishable (and some non-perishable) foods 
which are valuable in relation to their bulk. 
Even bulky foods such as rice are flown to 
high-paying markets such as Rio de Janeiro in 
times of a rice shortage which sends prices 
soaring to a point where air shipment from 
Goids, for example, is justified and highly 
profitable. 

Various fruits and vegetables are flown to 
isolated towns from large consuming and 
redistribution centers on a regular basis. For 
instance, tomatoes are flown from Belo Hori- 
zonte to Diamantina for consumption by a 
well-to-do clientele which can pay the Cr $25 
($.38) per kilogram price charged in Diaman- 
tina. Filet mignon cuts of beef can be flown to 
Belo Horizonte and Rio de Janeiro from the 
backlands of Bahia and sold for a profit. 

In Minas Gerais, and in Brazil, a city served 


by poor surface transportation facilities is 
more likely to have an air strip than not, 
especially if a strip can be laid out fairly inex- 
pensively. 


SUMMARY 


In this article emphasis has been given to 
outlining the main characteristics of food sup- 
ply in the central Minas Gerais area as it 
evolved through the gold era of the eighteenth 
century. The initial sporadic supply was fol- 
lowed by the entry of products from the far 
distant markets of Sao Paulo, Rio de Janeiro, 
Bahia, and Europe. High prices for food and 
the declining yields of gold led to the chan- 
nelling of the manpower in Minas Gerais into 
agriculture and livestock raising with the 
result that a more or less self-sufficient food 
producing area was established in the core 
area of central and southern Minas Gerais. 
The significance of the railroad, the truck, and 
the airplane, as they have modified and are 
continuing to modify the character of food 
supply, illustrates the effects of a changing 
technology upon a situation where the basic 
obstacles of distance, low productivity, relative 
lack of competition, and speculation in food 
prevail, even as they did in colonial days. 





MANUFACTURING IN THE KITA KYUSHU INDUSTRIAL 
ZONE OF JAPAN 


JOHN H. THOMPSON 


Syracuse University 


ITA Kyushu is usually described as Japan’s 

fourth ranking manufacturing zone, ex- 
ceeded in importance only by Kanto (the 
Tokyo-Yokohama area), Keihanshin (the 
Kobe—Osaka—Kyoto area), and Chukyo (the 
Nagoya area). Manufacturing activities are 
concentrated in southwestern Shimonoseki on 
Honshu and in the northern coastal margins of 
the Kyushu cities of Moji, Kokura, Tobata, 
Yawata, and Wakamatsu. This is the area of 
concern here.’ 

Factories of Kita Kyushu employing ten or 
more workers each in 1954 numbered 724. 
Their locations are shown on Figure 1. Nearly 
three times that number of cottage industries 
or home workshops exist. Manufacturing 
employment totals about 115,000. Iron and 
steel predominate, but production of stone, 
clay and glass items, chemicals, certain foods, 
machinery, and transportation equipment are 
also important. Kita Kyushu is a manufactur- 
ing zone conceived and originated by govern- 
ment policy and nurtured by the satellite-like 
pull of large factories, by local raw materials, 
and ease of access. 

This paper presents an interpretation of the 
spatial arrangement of manufacturing within 
the zone. Ten maps support the interpretation. 
It is intended that such attention focused on 
one industrial area will contribute to a better 
over-all understanding of Japan’s manufactur- 
ing geography. 

All factories with ten or more employees 


* These six cities contain 2.2 percent of Japan’s 
factory workers and are sometimes referred to as 
Kammon. If the outlying Chikuho coal field cities and 
the Ube area on Honshu are included as part of the 
Kita Kyushu industrial zone only another 0.5 percent 
of the nation’s manufacturing employment will be 
added. Some writers have considered Fukuoka, 
Kurume, and even Nagasaki as part of the Kita 
Kyushu zone, but as these cities are separated from 
the main industrial concentration by many miles of 
rural land almost void of factories, and exhibit little 
trade orientation toward the main district, they prob- 
ably should not be considered a part of it. For 
regional distribution patterns, refer to John H. Thomp- 
son and Michihiro Miyazaki, “A Map of Japan's 
Manufacturing,” Ceographical Review, Vol. XLVIX 
(1959), pp. 1-17. 


were located in the field during Novembe; 
and December, 1954. Original mapping was 
done by type and size at scales of 1/10,000 } 
1/15,000. Subsequently these factory dat 
were transferred to a 1/25,000 base, the scale 
at which other relevant material, such as ter. 
rain, transport and port facilities, filled land 
built-up areas, and open farm land, wer 
plotted. Representative factories were visited 
and factory managers, city officials, and other 
local authorities were interviewed to secure a 
cross section of local opinion on location prob- 
lems, inter-factory and _ intra-zone relation 
ships, and inter-regional economic ties. Various 
kinds of employment and production statistics 
available in local, prefectural and_ national 
census publications facilitated the placing of 
the zone in its proper perspective within 
Japan’s manufacturing economy.” 


IMPORTANCE IN THE MANUFACTURING 
ECONOMY OF JAPAN 


During the postwar period of rapid nation- 
wide recovery Kita Kyushu has been exper- 
encing a decline in relative rank within the 
manufacturing economy of Japan. In fact, as 
it contained no more than two or three per- 
cent of Japan’s manufacturing in 1954, it is 
doubtful that it should any longer be classed 
with Kanto, Keihanshin, and Chukyo as one of 
Japan’s four great manufacturing zones. 

During the early years of Japan’s industrial 


* These include statistical and descriptive sum- 
maries for the various cities or local areas (such as 
Moji shisei yoran (Survey of Conditions in Moji City), 
Yawata shi shdké6 meibo (Industrial and Commercial 
Directory of Yawata City) or Kammon keizai shi (Eco- 
nomic History of Kammon). Publications like the 
above can ordinarily be secured from city offices or 
local libraries in most cities throughout Japan. Each 
prefecture also has a statistical yearbook of some kind. 
Prefectural yearbooks of value to this investigation 
were the Fukuoka ken tokeisho, 1954, and the Yama- 
guchi tokeisho, 1954. At the national level perhaps 
the most useful were: Nippon tékei nenkan (Japan 
Statistical Yearbook, 1956), Kégy6é tokeihyd, 1954 (The 
Census of Manufactures of Japan, 1954), Nippon toshi 
nenkan (The Municipal Yearbook of Japan, 1956), 
K6jé tauran 1954 (The General Factory Directory of 
Japan, 1954). 
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rain restrictions and wide use of water transportation. 


revolution the Japanese government built the 
great Yawata Iron and Steel plant here. The 
area subsequently became a significant indus- 
trial district, particularly famous for its heavy 
industry. In 1954 it produced 27 percent of 
Japan’s pig iron and 33 percent of the. steel, 
but this is small compared to the 73 percent of 
the pig iron and 95 percent of the steel which 
it tumed out in 1911. In 1951, a good year 
because of the Korean crisis, it contributed 
only about 4 percent of the nation’s total man- 
ufacturing goods, about 12 percent of its pri- 
mary metals, and 4 percent of its chemicals. 
The most striking portrayal of its relative man- 
ufacturing smallness may be seen in employ- 
ment data. With only 2.2 percent of Japan’s 
manufacturing workers, it is small in compari- 
son to Kanto which has 22.6 percent, Keihan- 
shin (20.4 percent), and Chukyo (13.2 per- 
cent). Even the shores of the Inland Sea 
between Kita Kyushu and Keihanshin account 
for nearly 7 percent of the country’s manufac- 
turing employment. 


*Thompson and Miyazaki, op. cit., p. 5. 


Location of factories in Kita Kyushu Industrial Zone, 1954. Coastal orientation is due to both ter- 


Because of the more rapid industrial growth 
in Keihin, Keihanshin, the Inland Sea area, 
and elsewhere Kita Kyushu’s share of Japan's 
manufacturing has dwindled. This trend is 
likely to continue in the years ahead. Although 
its manufacturing position is much less signifi- 
cant than that of other areas, it is still note- 
worthy. Were its manufactural production to 
be severed from that of the rest of Japan, it 
would not be too unlike the loss of Pittsburgh's 
production to the United States.* 


ADVANTAGES AND PROBLEMS 


Certain locational advantages have sup- 
ported Kita Kyushu’s rise in industrial signifi- 
cance. Its subsequent decline, however, as 





*The Pittsburgh Standard Metropolitan Area had 
2.1 percent of the manufacturing workers in the U.S. 
in 1950, as compared with Kita Kyushu’s 2.2 percent 
Pittsburgh produced 26 percent of the U.S. steel in 
the same year; Kita Kyushu produced 33 percent of 
Japan’s steel. In actual numbers of workers, however, 
Kita Kyushu is more nearly the size of the Youngs- 
town Standard Metropolitan Area. According to the 
Thompson magnitude ratings (Annals, Association of 
American Geographers, Vol. XLV [Dec. 1935], pp. 
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compared to other of Japan’s manufacturing 
zones, implies that it has problems as well. 

Five factors contributed in important ways 
to the establishment and growth of manufac- 
turing. They are: (1) a mid-way position 
between Asia and the large Japanese market 
centers of Keihanshin and Kanto, (2) a high 
degree of accessibility by rail and ship, (3) 
the nearby Chikuho coal fields, (4) extensive 
local deposits of limestone, clays, and sand, 
and (5) the early development of the Yawata 
Iron and Steel works by the Japanese govern- 
ment, which triggered a striking chain reaction 
of satellite plant growth. 

The position at the western extremity of the 
Inland Sea, about an equal distance (500 to 
600 miles) from Shanghai and Manchurian 
ports on one hand and Yokohama on the other, 
facilitated the tapping of Asian raw materials 
and markets as well as domestic markets 
through use of cheap ocean transportation. 
Ocean transportation naturally converges on 
Kita Kyushu as it passes in and out of the 
western end of the Inland Sea. Iron ore and 
coking coal from China and Manchuria were 
shipped in and finished heavy goods were 
exported to the Continent and distributed 
throughout Japan. 

Deep water in the Straight of Shimonoseki 
and five-mile-long Dokai Bay provided con- 
siderable water frontage for large-scale, heavy 
industries and ample opportunities for con- 
struction of wharf and dock facilities. The six 
cities grouped together into a sort of Port 
Authority called Kammon Port. Mooring 
wharfs and buoys can handle a few ships up to 
15,000 tons capacity and numerous vessels of 
smaller size. The deepest water occurs in Moji 
Port and the shallowest depths in Dokai Bay. 
However, the latter has been dredged to 
depths of over nine meters. Excellent postwar 
loading and unloading equipment has been 
installed, and there is considerable warehous- 


416-36) these two areas compared as follows as of 


1954: 


Kita Youngstown 
Kyushu STA 


~ 150.0 
247.3 


164.6 
36,5 


Based on employees 

Based on salaries and wages 

Based on value added 51.6 220.3 

Multiple criteria rating 84.3 205.9 
The relative smallness of Kita Kyushu’s ratings in 
salaries and wages and value added is striking and 
portrays major differences between the manufacturing 
economies of Japan and the United States, 


Joun H. THompson 


December 


ing. Kammon ranks behind only the Kobe. 
Osaka and Yokohama-Tokyo areas in facilities 
and in tonnage handled. The railroad tunnel 
beneath the Strait and a new highway tunn¢ 
further closely tie the area to the rest of Japan, 

Japan’s largest coal fields, the Chikuhy 
fields, are situated only a few miles to th 
south. Over one-third of the nation’s coal nor. 
mally is produced in these fields, and they 
provide about 40 percent of the Kita Kyushu’ 
coking needs. The low quality of Chikuh 
coals prohibits more extensive use in the man. 
ufacture of coke, but they are used widely fo; 
direct steam and steam electric power produc. 
tion. Higher grade imported coals must be 
added in the coke-making process. 

Usable deposits of limestone, sand, and clay 
occur widely in Fukuoka and Yamaguchi pre. 
fectures and have contributed to the establish. 
ment and growth of such large-scale industries 
as cement, glass, and fire brick. Table 1 lists 
nineteen plants which came to Kita Kyushu 
between the years 1888 and 1918 because of 
local coal and ease of transport. 

Probably, however, too much emphasis has 
been given to the raw material orientation of 


TABLE 1.—FactToriEs ORIENTED TOWARD TRANS- 
PORTATION FACILITIES ON LAND AND ON SEA, oR 
TOWARD CHIKUHO COAL FIELps IN Kita Kyvsav! 








Founding 
Factory date 


1888 
1892 
1895 
1908 
1911 
1912 
1912 
1913 


Principal product 





Oji Seishi ( Kokura ) 

Asano Semento ( Moji) 

Onoda Semento ( Yawata ) 

Meiji Boseki 

Nippon Seifun ( Moji) 

Sakura Biru 

Furukawa Denki 

Dainihon Sakerui J6z6 (Moji) 

Asahi Garasu (Tobata, Ist 
plant ) 

Osaka Soda ( Kokura) 

Toky6 Denki ( Kokura) 

Asahi Garasu (Tobata, 2nd 
plant ) 

Asahi Garasu Soda 

Nikka Seiyu (Wakamatsu ) 

Kyokujitsu Hyoto (Dairi) 

Kobe Seiké ( Moji) 


Printing paper 
Portland cement 
Portland cement 
Cotton yarn 
Flour ( wheat) 
Beer 

Electric wire 
Sake 


1913 
1915 
1916 


Glass 
Caustic soda 
Electric bulbs 


Glass 

Soda ash 

Soy bean oil 

Crystallized sugar 

Fabricated bronze 
and brass 

Refined sugar 


1916 
1916 
1917 
1917 
1917 
Meiji Seité (Tobata) 1918 
Nippon Itagarasu ( Futatsu- 
jima ) 
Hékoku Semento ( Moji) 


' From Kyujino Ishida and Akira Watanabe (eds.), Sekai chin 
taikei (World Geography), Vol. IL (Tokyo: Kawaide Shdbo, 
1951), p. 308, 


Glass 
Portland cement 


1918 
1918 
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industry in Kita Kyushu and too little placed 
on inter-factory affinities. It is even likely that 
many factories using local raw materials would 
have been founded elsewhere had it not been 
for the early establishment of a large-scale 
steel plant which provided a market and a 
source of steel. Factories turning out heavy 
steel-making machinery, fire brick, fabricated 
metals products, transportation equipment and 
a host of other products, as well as those using 
steel, located near the steel plant. This plant, 
originally the Yawata Iron Works and now 
called the Yawata Iron and Steel Company, 
was begun by the Japanese government in 
1897. Between 1903 and 1929 twenty large- 
scale factories are known to have been estab- 
lished largely because the Yawata Iron Works 
was already there. Their names, date of estab- 
lishment, and type of production are given in 
Table 2. 

Other large-scale concerns, if not all located 
primarily as a result of the steel plant, have 
profited by its proximity, and they carry on 
the chain reaction of satellite development by 
attracting their own set of dependent fac- 
tories. Table 3 shows that 247 subcontract 


TABLE 2.— Factories ORIGINALLY ATTRACTED TO 
Kira KyusHu By THE YAWATA IRON Works! 








Founding 


Factory date Principal product 





1903 
1903 
1908 
1910 


Cokes, tar 

Wire, rope 

Electricity 

Malleable iron and 
steel 

Electricity 

Iron nails 

Iron lamps and pil- 
lars 

Naphthalene 

Steel plate and 
others 

Rolled steel 

Rolling machines 
and others 

Rolled steel 

Fire brick 

Pig iron 

Thin steel plate 

Electric motors 


Nippon Tar ( Makiyama ) 
Tokyd Seiké ( Kokura ) 
Kyushu Denki Kid6 
Tobata Imono ( Tobata ) 


1911 
1912 
1914 


Kyushu Suiryoku 
Yasuda Shdji Seiteijo 
Hattori Seisakujo 
Kyushu Kagaku Kogyo 1915 
Tokai Kogy6 ( Waka- 
matsu ) 
Kyushu Seiké 
Tobata Imono ( Waka- 
matsu ) 
Asano Seikdjo ( Kokura ) 
Kurosaki Yégy6 
Toy6 Seitetsu 
Nihon Kékan 
Yasukawa Denki 
Shiromizu Gumi 
Tekkajo 
Toyé Seikan ( Tobata ) 
Yawata Shintetsu 


1916 
1917 


1917 
1918 
1918 
1919 
1919 
1919 


1924 
1929 
1929 


Tank for coal gas 
Tin cans 
Steel poles and rods 





P iy Ryujino Ishida and Akira Watanabe (eds.), Sekai chivi 
a r) ih, po Geography), Vol. I (Tokyo: Kawaide Shobo, 
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TABLE 3.—DISTRIBUTION OF SUB-CONTRACT 
MANUFACTURERS RELATED TO Major Fac- 
TORIES IN Five Cities or Kita Kyusnu, 1953! 








Number of sub-contract 
manufacturers 





Major factory— 
1. Name 

2. Location 

3. Approximate employment 
4. Product 


Tobata 


Kokura 





. Yawata Iron & Steel Co. 
2. Yawata 

. 35,000 

. Iron and steel 


to 
sl 


. Hitachi Industries 
2. Tobata 

. 1,000 

. Cast and rolled steel 


. Sumitomo Metal Co. 
2. Kokura 
3. 2,800 
. Carbon and other semi- 
processed steels 


. Mitsubishi Chemicals 

. Yawata 

. 5,000 

. Various chemicals 

. Kurosaki Products 

Yawata 

1,100 

. Fire brick and other 
ceramics 


mONWe 


1 
2. 
3. 
4 


. Yasukawa Electric Co. 
2. Yawata 
. 2,000 
. Electric motors and 
generators 


247 


Total 1235 76 8 29 9 





1 Modified from Matsuo Hegaki, “Kita Kyushu jyukdégy6 chitai 
ni okino kégy6 vitchi no tokushitsu ni tsuite,” Chirigaku Hydran 
(“Industrial Locations in Heavy Industrial Cities in North 
Kyushu”, Geographical Review of Japan), Vol. XXIX, No. 3 
(1956), p. 148-49. Table includes only those satellite concerns 
which sell products to the large factories, not those which buy 
products from the large factories and sell elsewhere. 


manufacturers were related to six large-scale 
factories in five cities of Kita Kyushu in 1953. 
No information is available on the size of the 
subcontract concerns, and, indeed, some may 
be of the home workshop type. On the other 
hand, the table is not complete in that it 
includes only the satellite plants which use 
materials produced by the large concerns but 
which sell their products elsewhere. 
Interviews in 1954 provided further evidence 
of the occurrence of satellite plants. Three 
small-scale concerns, each dependent on the 
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same large-scale electric machinery factory for 
their market and labor, exemplify the situa- 
tion. These three small concerns employed 
from twenty to fiftv men each and turned out 
small machine jobs and electrical products. 
All were managed by former employees of the 
large-scale company, and many of the workers 
were previously employees of it. The opera- 
tions were in small, dilapidated wooden build- 
ings with poor lighting and no means of heat- 
ing. Machines were used, but more hand work 
was emploved than in similar American shops. 
Workers were paid 10,000 to 12,000 yen per 
month ( about $28.00 to $33.50). Raw materi- 
als came from either the local primary metals 
mills or from the Osaka area. Management at 
the large company implied that it favors such 
concerns because they facilitate quick deliv- 
ery, make possible surveillance of production, 
and enable old employees (who generally 
retire at age 55) to have a business of their 


own. 

One must infer from the above that a very 
large percent of the factories in Kita Kyushu 
are there because of the markets or material 
supplies made available by large-scale fac- 


tories. Such large-scale factories might justi- 
fiably be referred to as growth generating 
factories. In this respect the Yawata Iron and 
Steel plant is the most significant; indeed, it 
may be the single most important factor in the 
zome’s industrial growth and sustenance. It 
seems to have been the base of a pyramid 
upon which other growth generating factories 
and their satellites have been built. Examples 
illustrating the existence of growth generating 
factories certainly could be cited for all coun- 
tries of the world, but quite possibly they play 
a more important role in Japan than in most 
other places. 

Kita Kyushu’s relative decline indicates that 
other areas in Japan have for some reason been 
experiencing improvement in the debit side of 
their comparative advantage sheet or that Kita 
Kyushu is being beset with problems. It is the 
latter of these two considerations which is of 
inajor concerns here 

At least four problems are causing more 
difficulty in Kita Kyushu today than in most 
other parts of Japan: (1) the termination of 
Chinese and Manchurian trade as a result of 
the Communist question has cut off one leg on 
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December 


which Kita Kyushu had hitherto stood, (3 
transport facilities on water and land are ser. 
ously congested, (3) level land for further 
factory sites is scarce, and (4) industrial wate, 
is in limited supply. 

With the almost complete closing of Jang. 
nese-Chinese trade after the War the coking 
coals and iron ore from Manchuria and Ching 
were no longer available. As a result coking 
coal is now secured largely from the United 
States and Europe and iron ore from the Phil. 
ippines, United States, and India. Obviously. 
assembly costs under these circumstances will 
be high, and the cost of finished produc 
made from these materials such that competi. 
tion on world markets becomes difficult, |) 
1954 steel could not be produced as cheaph 
in Kita Kyushu as in Pittsburgh in spite of the 
traditionally low Japanese labor and overhead 
costs. Since, there has been some improvement 
in this situation. 

Not only did closing of trade with the Con. 
tinent create a raw material problem, but it 
also cut out an important market area. Kita 
Kyushu was proportionately more dependent 
on Asian markets than most other Japanese 
industrial areas. Thus it found itself largely 
cut off from the continent of Asia and at the 
same time situated in a peripheral position as 
far as the Japanese domestic market is con- 
cerned. 

Although there are numerous wharfs, docks, 
and deep water moorings, the capacity of 
these facilities is already taxed. Industrialists 
and local officials expressed doubt that much 
more shipping could be handled. Goods mov- 
ing by rail to Japanese markets must travel 300 
miles to the Kobe—Osaka area and nearly 600 
miles to Tokyo. The effect of the recently 
completed highway tunnel is in doubt. With 
the general increase in the use of truck 
throughout Japan the increased traffic of this 
kind resulting from the tunnel could readily 
aggravate rather than alleviate congestion. 
Furthermore, roads are not such in Japan as to 
permit ready movement of truck freight from 
Kita Kyushu to its major market areas severd 
hundred miles away. 

Figure 2 shows that most of the area around 
the Strait and Dokai Bay is steep mountain 
land or dissected terraces and hills. Mountains 
rise sharply, in some places reaching over 600 
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Fic. 2. Surface features and land use in the Kita Kyushu Industrial Zone. Land filling programs produced 
three-fourths of the land shown as major manufacturing areas. 


meters within two or three miles of the coast.® 
Most of the level land has been urbanized and 
the cities are pushing up into the hills and 
mountains. 

So scarce was level land that extensive pro- 
grams of land filling had been in progress 
since the first inception of this area as an 
industrial district. Land filling has resulted 
not only in increasing the quantity of level 
tidewater factory sites, but it also has improved 
dock and mooring depths. A conservative 
estimate would place 75 percent of the land 
within those sections designated as major 
manufacturing areas on Figure 2 as filled land. 
In spite of the extensive land-filling programs, 
the total area of land not already built upon 
and yet level enough for modern industrial 
development along the Strait or near Dokai 
Bay does not exceed three square miles. 
Almost none of this is on tidewater deep 
enough to permit site-side docking. 

*Eighty-eight percent of the land shown on Figure 
2 is steep mountainland, dissected terraces, or hills, 
leaving only 12 percent level enough for ordinary 
forms of industrialization. 


The steep mountains immediately back from 
the shore support only short streams with small 
drainage basins and steep gradients. Although 
some municipal and privately owned reservoirs 
have been developed in the mountains and 
numerous wells have been drilled, there seems 
little likelihood of large future expansion in 
the industrial water supply. A long-range solu- 
tion to this problem would seem to have to 
wait for successful cheap distillation of sea 
water. 

A free flow of goods to and from all of Asia 
would do perhaps more for Kita Kvushu than 
anything else. But even if this trade opened 
up, it is unlikely that the zone could do more 
than hold its present relative position in the 
Japanese manufacturing economy 


MANUFACTURING CONTENT 


Ten maps, Figures | through 10, portray the 
internal manufacturing geography of Kita 
Kyushu. The location, size, and twpe ef pro 
duction of factories are shown in spatial per 
spective with the terrain and the sea, built-up 
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TABLE 4.—NUMBER OF FAcToRIES BY S1zE AND Type oF Propuct in Kira Kyusnu. 


December 


1954 


(Size scale by number of employees ) 








Large-scale 


Small-scale 


Medium-scale 





Major product gro 
(Standard Industrial Classification? 1) 


Over 1000 500-999 


200-499 100-199 50-99 1049 





Food and kindred products (20) - 
Textile mill products (22) ~ 
Apparel and related products (23) ~ 
Lumber products (24) 

Furniture and fixtures (25) 

Paper and allied products (26) 
Printing and publishing (27) 
Chemicals and allied products (28) 
Petroleum and coal products (29) 
Rubber products (30) 

Stone, clay and glass products (32) 
Primary metal products (33) 
Fabricated metal products (34) 
Machinery, except electrical (35) 
Electrical machinery products (36) 
Transportation equipment (37) 
Instruments and related products (38) 
Miscellaneous (39) 


| bol | 


InNwl 


Total 


Approximate employment 


10,500 
Percent of employment? 64.8 


5 9 123 
13 

7 
4] 
26 

6 
39 
10 
10 

2 
16 
37 
63 
89 
24 
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5,400 11,000 


9.6 





? Number shows major product class. 


* The remaining 7.8 percent, or slightly over 9,000 workers, are in home workshops each employing 9 or fewer workers. 


areas, open farm land, transportation facilities, 
and types of sites occupied. 

Although small factories are common, as 
would be expected in Japan, large-scale con- 
cerns are more important in Kita Kyushu than 
in most of the rest of the country. The large 
factories produce such heavy industry items as 
steel, chemicals, cement and glass, ships, and 
machinery, and take advantage of water trans- 
portation by locating on tide water. The 
medium and small-scale factories may also be 
found on tidewater, but they are more fre- 
quently located back from the shore in the 
built-up portions of the cities. Eighteen of the 
twenty major groups of the Standard Industrial 
Classification are represented, but machinery, 
fabricated metals, and food plants are the most 
numerous among the medium- and small-scale 
concerns. Types of production and the size of 
factories appear on Figures 3 through 8 

Five types of factory sites are identified on 
Figure 9. Each type exhibits affinities for 
particular kinds and sizes of factories. Also 
three quite distinct districts of high manufac- 
turing concentration occur within the zone 
(see Figure 10), 


Some of the larger steel mills, ship yards, 
cement and brick plants, electrical concems 
and chemical factories occupy buildings and 
present outward appearances not too different 
from their counterparts in this country. Inside, 
though, there is less attention given to heating, 
lighting, safety, and other similar matters that 
workers have learned to expect in the United 
States, and equipment is ordinarily less mod- 
ern and efficient. Extensive flat-roofed struc 
tures are rare and large parking lots non-exist- 
ent. On the other hand, a number of modem 
office buildings have been constructed in 
recent years. Small concerns, particularly, 
often occupy structures which have little 
resemblance to a modern factory. Many of the 
buildings were actually built for other pur- 
poses or were hastily constructed out of wreck 
age from World War II bombing raids. Often 
the manufacturing processes of these small 
plants are in part carried on outside the build- 
ings regardless of weather. No heating or aif 
conditioning is used in many, and the sun 
frequently is the only source of light. The land 
in places is completely devoted to manufac 
turing, the unpainted dingy factories giving 4 
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TABLE 5.—MANUFACTURING EMPLOYMENT IN Kita Kyusnu Zone, JAPAN, 


BY Type oF Propuct ANp By Crry, 1951’ 








Number of employees in— 





Total employment 





Major product group Bs Shimo- - 
(Standard Industrial Classification? ) Moji Kokura Tobata Yawata Wakamatsu  noseki Number Percent 
All groups 9,218 14,394 6,085 60,035 6,941 16,651 113,324 100. 

Food and kindred products (20) 2,110 1,467 908 1,325 362 3,545 9.717 86 
Textile mill products (22) 87 198 1,029 152 14 §92 2,372 2.1 
Apparel and related products (23) 40 102 12 27 5 148 334 «0.3 
Lumber products (24) 180 561 270 272 155 870 2308 2.0 
Furniture and fixtures (25) 144 151 101 324 53 12] 894 08 
Paper and allied products (26) 143 715 12 185 ~ 71 1,126 1.0 
Printing and publishing (27) 1,434 1,749 40 269 98 682 4.272 3.8 
Chemicals and allied products (28) 107 1,628 17 5,948 622 1,587 9909 8.7 
Petroleum and coal products (29) 130 149 109 212 466 148 1214 1.1 
Leather and leather products (31) - 7 9 17 a is 33 «(0.0 
Stone, clay and glass products (32) 1,896 1,999 50 5,847 947 256 10.998 97 
Primary metal products (33) 1,024 3,400 1,442 40,413 525 2,755 49,559 43.7 
Fabricated metal products (34) 190 1,071 1,008 1,248 528 206 4251 3.8 
Machinery, except electrical (35) 948 275 848 1,165 1,413 424 5,073 4.5 
Electrical machinery products (36) 404 781 115 2,457 318 73 4148 3.7 
Transportation equipment (37 ) 351 46 93 118 =: 11,359 4749 6.716 59 
Instruments and related products (38 ) - i 8 25 76 60 169 O01 
Miscellaneous (39) 30 95 14 31 - 61 231 02 














1From Jugydésho tokei-chésa kekka hékoku, 1951 (Establishment Census of 1951), Vol. IV, Bureau of Statistics, Office of the 


Prime Minister, Tokyo, 1952, pp. 235, 247-51. At the time this study was prepared, the latest employment data for major 


groups of the Standard Industrial Classification were for 1951. 
1954, but type structure changes were minor. 
2 Number shows major product class. 


drabness to the industrial scene exceeded per- 
haps only in Osaka. On early mornings or on 
windless days smoke from the great steel mills 
hangs heavy over the cities and against the 
mountains. 


Factory Size 


Factories vary in size from the Yawata Iron 
and Steel Company, which is one of the largest 
integrated iron and steel plants in the world 
and employs 35,000 workers, to the character- 
istic home workshop where one or two persons 
work. Of the 2,931 factories in the six cities, 
only 724 employed ten or more persons in 
December 1954. These 724 factories, however, 
accounted for over 90 percent of the district's 
employment and even a larger percent of the 
value added and salaries and wages. They are 
categorized on Table 4 by size and by type of 
product. 

Seventeen factories employed over 1,000 
persons in 1954,° 15 were in the 500 to 999 


— 


*The Yawata Iron and Steel Company is subdivided 
into four distinct open hearth and rolling mill units 
plus a large coke by-product plant. These are consid- 
ered separate factories on Table 4 and shown as such 
south of Dokai Bay on Figure 1. All units employ well 
over 1,000 workers. 


Manufacturing employment increased slightly between 1951 and 






category, 32 had 200 to 499 workers, 37 had 
100 to 199, 77 had 50 to 99, and 546 had 10 
to 49 employees. The large-scale factories, 
although relatively few in number, employ 
nearly 65 percent of the district's workers.’ 
This gives the area a definite big-factory com- 
plexion. Medium-scale factories account for 
another 18 percent. Small-scale concerns, 
although 546 in number, support only about 
11,000 workers or slightly less than 10 percent 
of the total. More than 2,000 home workshops 
with less than 10 employees each employ but 
9,000 workers. Most of these are one- or two- 
man operations in a room of a home or in a 
backyard shed. 


Kinds of Products Produced 


Although eighteen of the twenty major 
groups of the Standard Industrial Classification 
are represented, primary metals production 
is overwhelmingly predominant. It employs 

“In this report large-scale refers to the two largest 
categories of factories shown on the maps, that is, 
those with 500 or more emplovees; medium-scale 
refers to the factories with 50 to 499 employees; and 
small-scale to those with 10 to 49 emplovees. Estab- 
lishments with less than LO employees are called Rome 
workshops, 
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Location of factories making primary and fabricated metals products, Kita Kyushu Industrial Zone 


The largest symbols in Yawata, Tobata and Kokura show locations of the integrated steel mills. 


nearly 44 percent of the manufacturing work- 
ers. Stone, clay, and glass products (9.7%), 
chemical and allied products (8.7%), food and 
kindred products (8.6%), and transportation 
equipment (5.9%) follow in importance. All 
of these fall largely into heavy industry cate- 
gories except for food and kindred products. 
Tab « 5 shows the employment by type for 
each city and for the whole zone. It also shows 
the percentage of employment in each of the 
15 groups. 

Primary Metal and Fabricated Metal Prod- 
ucts. Primary metals plants and factories 
making fabricated metals products are shown 
on Figure 3. In total they employ about 50,000 
workers. The four main mills of the Yawata 
Jron and Steel Company are shown by four 
symbols of the largest category south of Dokai 
Bay. Two additional iron and steel plants 
with over 1,000 employees are shown, one in 
Tobata and another in Kokura. The largest 
primary metals plant in Shimonoseki is a cop- 
per concern. There are three primary metal 
producers in the 500-t0-999-employees class. 


The one in Moji produces copper and copper 


products. For materials and markets it is 
associated with the larger copper producer in 
Shimonoseki and producers of electrical prod- 
ucts in Yawata. The other two produce steel 
plates and castings. Medium- and small-scale 
primary metals plants turn out a wide variety 
of products including steel forms and shapes, 
forgings, galvanized plate, electrolytic tin, and 
bronze and brass castings. 

The large-scale primary metals plants are all 
on tidewater. All use ocean shipping and most 
occupy land that has been filled. Some of the 
medium- and small-scale concerns also are on 
tidewater, but most are a few city blocks inland 
occupying small structures in the built-up 
parts of the cities. 

Sixty-three of the seventy-four plants mak 
ing fabricated metal products are small-scale 
and they too form a scattered pattern slightly 
back from the shore. Their products include 
metal sanitary equipment, wire, lighting fir. 
tures, chains, bolts, nuts, and nails, structural 
steel, and welding bars. The one large-scale 
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Location of factories making stone, clay, and glass products, Kita Kyushu Industrial Zone. Raw 


materials are brought in largely by water, and market ties with steel companies are extensive. 


metal fabricating concern, which is situated in 
Kokura, is on tidewater and uses both water 
and rail transportation. It turns out steel cable. 
Its source of materials is the large primary 
steel producers; its markets are partly local, 
partly in the coal mining district of Chikuho, 
and extend over Japan, particularly to Keihan- 
shin. The medium-scale metal fabricating con- 
cerns are for the most part either on tidewater 
or very near it. They turn out such items as 
nails, steel drums, cans, and steel frames, and 
they too use both rail and water transporta- 
tion. Essentially all of the medium- and 
small-scale factories in both the primary and 
fabricated metals groups are satellite to the 
large-scale primary metals, shipbuilding, or 
machinery concerns in that they either sell 
products to the big concerns or buy semi-fin- 
ished materials from them. 

Stone, Clay, and Glass Products. Factories 
making stone, clay, and glass products are 
shown on Figure 4. There are 33 plants 
employing just under 11,000 workers. Of the 
four large-scale factories, the two in Yawata 
produce glass and fire brick, the one in Kokura 


produces ceramic sanitary equipment, and the 
Wakamatsu plant, plate glass. The 13 medium- 
scale and 16 small-scale plants produce cement, 
glass containers, china wares, tile, and other 
similar items. 

Local limestone, sands, and clays and local 
sales to the large heavy industries are the main 
locating factors for these concerns. Small-scale 
concerns are proportionately less numerous 
than in most of the other groups, and once 
again many are satellite either to the large 
concerns in this group or to the steel mills. An 
orientation toward sea transportation is evi- 
denced by the number of factories immedi- 
ately on tidewater. 

Chemicals and Allied Products. Figure 5 
exhibits the importance of large-scale chemical 
plants south of Dokai Bay. The easternmost of 
these is a division of the glass company which 
is shown on Figure 4. It is repeated here 
because more than 1,000 workers are engaged 
in chemical manufacture, The ammonium sul- 
phate plant of the Yawata lron and Steel Com- 
pany also is shown as a large producer of 
chemicals, The 10 medium- and 10 small-scale 
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Location of factories making chemicals and allied products, Kita Kyushu Industrial Zone. 


Strong 


orientation toward tidewater sites and water transportation is evident. 


chemical plants produce a variety of goods and 
so have many kinds of locations ranging from 
tidewater to the city centers and even are 
found on inland sites along fresh-water streams. 

Nearby coal and limestone deposits are 
brought to the chemical factories by rail and 
water, and raw and semi-finished materials 
are shipped in from Osaka and elsewhere in 
Japan. Finished products are sold both on 
local markets and sent to other parts of the 
country, and even the continent. 

Food and Kindred Products. The food 
industries are more or less ubiquitous. They 
are scattered in large numbers throughout the 
built-up areas of the city. On the other hand, 
Kita Kyushu does have a rather large number 
of specialty food industries which in no way 
are ubiquitous. Figure 6 shows the location of 
142 plants employing a total of about 9,700 
WOTKETS 

‘Two large-scale factories are located on the 
Water front in Moji. One of these 
rclinery, the other a sake plant 
materials brought in by water and employ 


is a sugar 
Both use raw 


water transportation in part for shipment of 
their products. The 17 medium-scale food 
plants also are for the most part not ubiquitous 
and depend on distant areas for both materials 
and markets. They produce such things as 
beer, flour, candy, and sugar. Those in the 
medium-scale class not dependent on outside 
areas are largely ice plants designed to serve 
the fishing industry in Shimonoseki, fish can- 
ning plants, or confectioneries. The 124 small- 
scale food establishments are mostly bakeries, 
confectioneries, rice polishing mills, or manu- 
facturers of such items as candy, bean curd, 
ice cream, soy sauce, and noodles. They are 
typical of the true ubiquitous food group of 
Japan. 

Transportation Equipment Products. Forty- 
seven factories employing about 6,700 workers 
produce transportation equipment  produets. 
Shimonoseki is well known for its shipbuilding, 
particularly for the construction of fishing 
craft, patrol boats, and small motor launches. 
Figure 7 shows the Shimonoseki concentration 
of 15 plants. All are associated with ship- 
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Fic. 6. Location of factories making food and kindred products, Kita Kyushu Industrial Zone 
large factories in Moji are a sugar refinery and sake plant. They are dependent on imported raw m 
inland scattering of small concerns such as bakeries reflects their ubiquitous nature 


building. Most of the other transportation 
equipment concerns that are located on or 
near tidewater also either make boats or ships 
themselves, produce ship parts for the large 
Shimonoseki concerns, or do repairing. The 
large-scale plant in Kokura makes railway 
equipment and does not use water transporta- 
tion. All of the factories in this group profit 
greatly from proximity to the big steel mills. 

Machinery and Electrical Machinery Prod- 
ucts. Although neither machinery products 
nor electrical machinery by themselves employ 
as many people as the types of production 
dealt with above, together they account for 
over 9,000 workers and 144 plants. They turn 
out a tremendous variety of products, and, as 
Figure 8 suggests, occupy a variety of loca- 
tions. One thing that most have in common, 
however, is a dependence on the large pri- 
mary metal plants for materials. Many also 
have satellite associations with metal fabri- 
cators and shipbuilding concerns. 

Four large-scale factories exist. The largest is 
on tidewater in Yawata and produces heavy 


electrical machines and motors. Originally it 
was built to produce electric equipment for 
the Chikuho mines. Materials come from 
Osaka and elsewhere in Japan, but local steel 
supplies and the Chikuho mine market are 
important. The plant in Kokura obviously is 
not dependent on deep water transportation. 
This is not surprising because it produces elee- 
tric light bulbs. The concentration of two 
large-scale, three medium-scale, and fourteen 
small-scale machine plants on filled land in 
Wakamatsu is noteworthy. This is an area of 
long-standing importance for mining machin- 
ery and metal processing equipment 

Elsewhere there are some 25 other medium- 
scale concerns. Many of these depend on 
nearby large-scale factories tor markets and 
materials, For example, a number make ship 
engines and loading devices for the shipbuild 
ing concerns in Shimonoseki; others produce 
machines or machine parts, using steel or brass 
from the large primary metals producers. 

The small-scale concerns, of which there are 
113 in all, are almost all satellite in some meas 
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Fic. 7. Location of factories making transportation equipment products, Kita Kyushu Industrial Zone. 
Shimonoseki has long been an important fishing port specializing in manufacture of motorized fishing craft. 


ure. They tend to locate near a mother plant 
and occupy sites in the built-up portions of the 
cities. Their materials and products generally 
move by truck or bicycle. 

Printing and Publishing Industry Products. 
The printing and publishing industry (not 
shown on maps) is dominated by two large 
concerns, one in Moji and another in Kokura. 
Both are daily newspapers which are the cir- 
culation leaders in this section of Japan. Both 
are characteristically located back from the 
shore in business sections of the cities. 

The ten medium-scale and thirty-nine small- 
scale concerns are commercial printing estab- 
lishments of various kinds. They tend to be 
situated in the business sections of the cities. 
Most are more or less ubiquitous. 

Other Products. The other groups in the 
Standard Industrial Classification are far less 
important than those considered above and 
exhibit no significant additional locational 
characteristics. Kita Kyushu’s almost complete 
lack of textile production is unique among 
Japan’s important industrial areas. 


Factory Site Types 


Different types of factory sites based on 
relative location are discernible. These take 
on added meaning when it becomes apparent 
that each exhibits distinct spatial relationships 
with particular kinds of industry and with 
plants of certain sizes. 

Factory sites are classed into five types: (1) 
tidewater, (2) fore-zone, (3) hinter-zone, (4) 
central, and (5) isolated rural. The locations 
of these five types are shown on Figure 9. The 
relationship of factory size and type of prod- 
uct to the site types is detailed in Tables 6 and 
7. It is believed that these types of sites exist 
in all of Japan’s large coastal industrial dis 
tricts. 

The tidewater type is characteristically sitv- 
ated on low, filled, coastal land. In fact, the 
distribution of this type on Figure 9 almost 
exactly coincides with the distribution of filled 
land. Here large-scale, heavy industries which 
can profit from direct access to coal, iron ore, 
limestone, and other materials via ocean ship- 
ments predominate. Two hundred thirty-one 
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Fic. 8. Location of factories making machinery products, including electrical machinery products, Kita 
Kyushu Industrial Zone. Most are close to and economically related to the steel mills. 


factories employing about 90,000 workers in 
1954 (78 percent of the total), occupied sites 
of this type, giving to Kita Kyushu a strong 
tidewater orientation even for Japan.® 

The fore-zone type is situated back from the 
shore in the built-up parts of the cities, but 
generally adjacent to the tidewater sites. 
Medium- and small-scale concerns which em- 
ploy truck and bicycle transportation generally 
occupy these sites. Many are satellite to the 
large-scale factories on tidewater; some are 
ubiquitous. Machinery plants and fabricated 
metals concerns are most numerous. The 251 
factories occupying this type of site represent 
the largest number in any of the five types, 
but the fact that only about 10,000 people 
work in them illustrates their generally small 
size, 

The hinter-zone type is very common in 


*In this comment and those which follow regarding 
site types, numbers of factories refer only to those 
establishments with ten or more workers, but employ- 
ment figures do include the 7.8 percent of the total 
workers in factories with fewer than ten workers each. 


many parts of Japan where cities are situated 
on broad plains, but is not as widely used in 
Kita Kyushu. Instead of being adjacent to the 
tidewater zone this type generally lies in an 
arc inland and to either side of the old central 
core of the city. Although many of these sites 
were on the city fringe when originally occu- 
pied, most are now surrounded by the growing 
cities. Medium- and small-scale factories inde- 
pendent of water transportation and generally 
using trucks or bicycles for movement of goods 
are most common. By far the most numerous 
are concerns making food and kindred prod- 
ucts, but Table 7 shows that many other types 
are rather well represented. This kind of site 
accounts for 141 factories and about 7,500 
workers. 

The central type coincides rather closely in 
location with what is generally referred to as 
the central business district. Here, printing 
establishments and small ubiquitous concerns 
making food and kindred products predom- 
inate. Eighty-one of Kita Kyushu’s factories, 
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TaBLE 6.—RELATIONSHIP BETWEEN TYPE OF 
SrrE AND SrzE oF Factories, Kirra KyusHu ZONE 
Japan, 1954, sy MaANurFacturinc Districts" 
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Number of factories, by size? Approximate 
1954 


ABCODE 


District and 


type of site F Total employment® 





Kita Kyushu Totals 

Tidewater - 21 
Fore-zone 2 211 251 
Hinter-zone 116 141 
Central ‘ 2 81 
Rural : 20 


132 231 


90,069 

10,210 
7,480 

5,962 
1,490 


Total 


Dokai Bay District 
Tidewater 12 
Fore-zone - 
Hinter-zone - 
Central 

Rural 


61,587 
5,450 
910 
570 
620 


Total 69,137 


Shimonoseki Strait District 
Tidewater p 7 5 20,240 
Fore-zone 3,820 
Hinter-zone 1,710 
Central 2,932 
Rural 870 
Total 29,572 
Kokura District 
Tidewater 
Fore-zone 
Hinter-zone 4,860 
Central 2,460 
Rural = 


8,242 
940 


Total 16,502 





1 Compiled largely from data gathered for the preparation of 
Figures 1 through 10. 

2Sizes are based on number of employees: A—over 1000 
pres Scenes C—200-499; D—100-199; E—50~-99; 

—10-49. 

* Total includes the 7.8 percent of the zone’s employment in 
factories with fewer than 10 workers each. 


and just under 6,000 employees, are accounted 
for by this site type. 

The fifth site type, isolated rural, is occupied 
by but 20 plants which employ only 1,490 
workers. Important here are chemical or tex- 
tile concerns oriented toward a special soft 
water source, cement plants located with 
access to limestone, or saw mills using local 
forests. 


Manufacturing Districts Within the 
Kita Kyushu Zone 


Land devoted to manufacturing by no 
means forms a contiguous belt across Kita 


December 


Kyushu. Actually there is considerable frag. 
mentation. This is largely the result of terrain, 
restrictions, the distribution of land filling 
operations, and the location of tightly built-up 
areas prior to industrialization. Three disting 
districts identified in terms of physical separa. 
tion and internal characteristics are shown o, 
Figure 10. The first, an almost contiguous oop. 
centration of heavy industry around Dokai Bay 
is called the Dokai Bay District. The second i 
the highly fragmented area of heavy and light 
industry on both sides of Shimonoseki Strait 
It is referred to here as the Shimonoseki Strait 
District. The third, the Kokura District, is , 
diversified and attenuated area in the city of 
Kokura. Tables 6 and 7 compare these three 
districts in terms of manufacturing employ. 
ment, type of production, size of factories, and 
type of site. 

Dokai Bay District (Iron and steel focus) 
The Dokai Bay District is the largest in area 
and employment. It covers about six square 
miles along-the southern and eastern side of 
the Bay in Yawata and Tobata and another 
three-fourths of a square mile in Wakamatsu 
north of the Bay. Seventy-three thousand peo- 
ple were employed here in 1951. This had 
dropped to 69,137 in 1954 as a result of terni- 
nation of the Korean War and shipbuilding 
difficulties which prevailed at that time. This 
district is overwhelmingly oriented toward 
heavy industry and especially toward steel. 
Fifty-eight percent of the workers are in pri- 
mary metal production, 9 percent in stone, 
clay, and glass, 9 percent in chemicals, and 
also nearly 9 percent in machinery, including 
electrical machinery. No other category of 
production employs as much as 4 percent of 
the workers. 

Including the five subdivisions of the Yawata 
Iron and Steel Company, there are twelve fac- 
tories employing more than 1,000 workers 
each, and five in the 500 to 1,000 employee 
category. Fifty-four thousand people, or over 
78 percent of the total, work in these 17 fac 
tories. Among the medium-scale concems 
there are fifteen employing 200 to 499 work 
ers, twelve employing 100 to 199, and twenty: 
three with from 50 to 99 workers. These 
account for about 9,200 workers or 14 percent 
of the total. The 274 small-scale plants with 10 
to 49 workers employ less than one-tenth of the 
factory workers. 
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TABLE 7.—RELATIONSHIP BETWEEN TYPE OF PRODUCT AND TYPE OF SITE, 
Kira Kyusuu Zong, JAPAN, 1954, By MANUFACTURING Districts! 








Number of factories, by site type— 





Fore- Hinter- 
District and type of product? zone zone Central 





ita Kyushu Totals: 
owe er kindred products (20) 
Textile mill products (22) 
Apparel and related products (23) 
Lumber products (24) 
Furniture and fixtures (25) 
Paper and allied products (26) 
Printing and publishing (27) 
Chemicals and allied products (28) 
Petroleum and coal products (29) 
Rubber products (30) 
Stone, clay and glass products (32) 
Primary metal products (33) 
Fabricated metal products (34) 
Machinery, except electrical (35) 
Electrical machinery products (36) 
Transportation equipment (37 ) 
Instruments and related products (38) 
Miscellaneous products (39) 


Dokai Bay District: 

Food and kindred products (20) 
Textile mill products (22) 

Apparel and related products (23) 
Lumber products (24) 

Furniture and fixtures (25) 

Paper and allied products (26) 
Printing and publishing (27) 
Chemicals and allied products (28) 
Petroleum and coal products (29) 
Rubber products (30) 

Stone, clay and glass products (32) 
Primary metal products (33) 
Fabricated metal products (34) 
Machinery, except electrical (35) 
Electrical machinery products (36) 
Transportation equipment (37) 
Instruments and related products (38) 
Miscellaneous products (39) 
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Shimonoseki Strait District: 
Food and kindred products (20) 
Textile mill products (22) 
Apparel and related products (23) 
Lumber products (24) 
Furniture and fixtures products (25) 
Paper and allied products (26) 
r Over Printing and publishing (27) 
7 fac- — and allied products (28) 
etroleum and coal products (29) 
neems Rubber products (30) 
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Fic. 9 Land use in the Kita Kyushu Industrial Zone according to factory site types. The relationship 
between site types and factory size and type of product is shown in Tables 6 and 7. 


TABLE 7.—Continued 








Number of factories, by site type— 





Fore- Hinter- 
District and type of product? zone zone Central 





Kokura District: 

Food and kindred products (20) 

Textile mill products (22) 

Apparel and related products (23) 

Lumber products (24) 

Furniture and fixtures (25) 

Paper and allied products (26) 

Printing and publishing (27) 

Chemicals and allied products (28) 

Petroleum and coal products (29) 

Rubber products (30) 

Stone, clay and glass products (32) 

Primary metals products (33) 

Fabricated metals products (34) 

Machinery, except electrical (35) 

Electrical machinery products (36) 

Transportation equipment (37) - 
Instruments and related products (38) ~ 
Miscellaneous products (39) - - 
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* Compiled largely from data gathered for the preparation of Figures 1 through 10. 
* Numbers in parentheses refer to Standard Industrial Classification Group. 
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Fic. 10. Manufacturing districts of the Kita Kyushu Industrial Zone. The Dokai Bay District is dominated 
by large-scale factories located on tidewater and specializing in iron and steel; the Shimonoseki Strait District, 
highly fragmented and with many factories back from the coast, emphasizes shipbuilding and food production; 
the Kokura District exhibits some of the characteristics of both of the former districts but is more diversified. 


All of the factories with more than 1,000 
employees occupy the tidewater type site, and 
four of the five concerns in the next largest 
category are also there. An affinity for this 
type of site also may be noted in the medium- 
scale concerns for thirty-three of fifty-four 
plants are so situated. Over half of the small- 
scale concerns occupy fore-zone sites in the 
built-up part of the cities; but one quarter are 
on tidewater sites. 

Shimonoseki Strait District (Food and ship- 
building focus). This district is strikingly dif- 
ferent from Dokai Bay. Rather than being a 
contiguous zone it is highly fragmented into a 
dozen or so relatively small areas. These total 
no more than 2% square miles, about 60 per- 
cent of which is in Shimonoseki and 40 percent 
south of the Strait in Moji. In 1954 just under 
30,000 people were employed in its factories. 
Although primary metals production also is 
rather important, accounting for 15 percent of 
the workers, it was largely in copper rather 
than steel. Orientation of manufactural pro- 


duction is more toward food production (22 
percent of the workers) and transportation 
equipment (20 percent of the workers). Shi- 
monoseki is well known for production of con- 
fectioneries (particularly a cookie-like product 
called sembei), canned fish, and candy, but 
large- and medium-scale sugar refineries, flour 
mills, and breweries account for a substan- 
tial part of the employment in this category. 
Shipbuilding dominates transportation equip- 
ment production and Shimonoseki has two 
large-scale shipbuilding concerns and thirteen 
medium- and small-scale ones. Collectively 
these account for two-thirds of Kita Kyushu’s 
employment in this kind of production. Stone, 
clay, and glass factories employ over 8 percent 
of the workers. Manufacturers of glass con- 
tainers and cement are most important. A 
regional newspaper in Moji brings employ- 
ment in the printing category into fourth place 
also with about 8 percent of the district's 
workers. Machinery accounts for about 7 per- 
cent and chemicals 6.5 percent. 
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Courtesy Mainichi Newspaper, Moji 


Yawata City and Dokai Bay as viewed from the south. The Yawata Iron and Steel Company 


occupies all of the land between the curving course of the railroad and the water. Smoke may be seen rising 
from the Asahi Glass works on the right near the narrowest part of the Bay. In the foreground just across the 
railroad from the steel mills is the commercial core of Yawata City. The city sprawls to the left along the foot 
of the mountains for several miles. Although Yawata and other parts of Kita Kyushu were bombed, the 
heavy industrial districts, and particularly the Yawata Iron and Steel Company, did not sustain extensive dam- 
age. The sparing of these heavy industries was intentional, not the result of poor bombing. 


There are three factories employing over 
1,000 workers. One produces ships, another, 
primary copper products, and the third is 


the regional newspaper. Six factories with 
between 500 and 999 workers bring the total 
of large-scale concerns to nine. They employ 
over 16,000 workers, or 54 percent of the total. 
Among the medium-scale concerns there are 
fourteen employing 200 to 499 workers, thir- 
teen, 100 to 199, and thirty-nine, 50 to 99. 
Employment is 9,500, or 33 percent of the 
total. One hundred ninety factories, or over 
two-thirds of the total are small-scale. They 
employ 3,900 or about 13 percent of the work- 
ens 

Light of the nine large-scale concerns occupy 
tidewater sites; only the large newspaper does 
not, and it is situated in the central part of a 
city as would be expected, Thirty-four of the 
76 medium-scale concerns are on tidewater 


sites, and 18 are on fore-zone sites. In Moj 
almost all of the small-scale factories occupy 
fore-zone sites, but in Shimonoseki the exist- 
ence of usable factory land far back from the 
coast has resulted in some 40 factories on scat- 
tered hinter-zone sites. In all, 53 are on tide- 
water and 33 on central sites. 

Kokura District (Transitional type). The 
Kokura District is transitional not only in posi 
tion, but in internal characteristics. It forms 
an irregular and attenuated area of about two 
square miles in the city of Kokura. Kokura 
occupies a small plain which penetrates into 
the mountains for several miles. This is the 
largest nearly level area in the vicinity. Fac- 
tories were originally built around the core of 
the old city where land and transport facilities 
were adequate. This resulted in attenuated 
manufactural penetration inland as well 4 
along the coast both east and west. The old 
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Courtesy Mainichi Newspaper, Moji 


Fic. 12. Looking south from over Wakamatsu. Most of the built-up area visible is on filled land. In the 
foreground the land is almost 100 percent in manufacturing use with medium-scale machinery producers 


predominating. 


Wakamatsu is somewhat isolated from the rest of the industrial district. 


It must be reached 


either by water or by surface transportation around Dokai Bay. 


city center contains few manufacturing estab- 
lishments. 

Manufacturing employment in the district 
was 16,500 in 1954. Primary metals production 
(24 percent of the employment) was the chief 
industry, largely as the result of the huge 


Kokura Iron and Steel works. Second in 
importance (14 percent of the employment) 
was stone, clay, and glass industries. Such 
items as ceramic sanitary equipment and fire 
brick are produced. Because of the large 
regional newspaper, printing was third in 
importance. Then followed chemicals (11 per- 
cent of the employment), food (10 percent), 
fabricated metals (7 percent), and machinery 
(7 percent). Transportation and paper prod- 
ucts accounted for about 5 percent each. Thus 
the Kokura District shows a larger number of 
representative industry types with 5 percent or 
more of the employment (9 in all) than the 
other two (Dokai Bay had five and Shimono- 
seki Strait seven), and a greater degree of 
diversification. 


There are two concerns employing over 
1,000 workers; one is a steel plant and the 
other a regional newspaper. Four factories 
employing 500 to 999 workers bring the total 
of large-scale establishments to only six, but 
employment in this category is 11,522. 
about 70 percent of the total. Among tl 
medium-scale factories three employ 200 to 
499 workers, eight, 100 to 199, and fifteen, 50 
to 99. Employment is 3,340 or 20 percent of 
the total. Eighty-two or nearly 72 percent of 
the total are small-scale. They employ 10 per- 
cent of the workers. 

The Kokura District shows a lesser use ot 
tidewater sites for factories, partly because of 
a much shorter coast, and partly because the 
extension of flat land to the south offered more 
opportunities for inland development. The 
big steel plant and a large-scale metal fabri 
cating concern plus six medium-scale plants 
and eight small-scale factories occupy tide 
water sites. Nineteen are on fore-cone sites, 
but 62, or over half of all the factories in the 
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Fu. 13. A view southwestward along Dokai Bay from over the commercial center of Tobata. The telltale 
straightness of a filled shoreline is visible along the southside of the Bay. Just to the left of the railroad station 
in the middle foreground is a steel mill, Beyond, the plant with the “corrugated” windowed roof, is a textile 
uncom making thread and tire cord. This is one of the few textile concerns in the entire district. The 
Asahi Clase works and part of the Yawata Iron and Steel Company are visible to the left in the background. 





Ceurtesy Mainichi Newspaper. Mon 

Fic. 14. Looking north over the city of Moji and across Shimonoseki Strait. The railroad tunnel (Fig. 1) 
comes into Moji at the extreme lower left while the highway tunnel passes under the Strait at its narrowest 
point in the distance. Moji is crowded against the Strait by steep mountains and then spreads out a bit in a 
slight surface embayment at the upper right. Moji's commercial core is in this embayment immediately be- 
hind its major port facilities. Along the water front are some of Moiji's largest factories, including a copper 
rolling mill, a sake plant, and a sugar refinery, These are the three concerns with 500 to 999 employees each 
shown in this vicinity on Fig. 1. Heavy rains have resulted in numerous land-slide sears on the 30° to 3° 
mountain slopes behind the city. On June 28, 1953, one series of heavy rains caused 619 major slides and 
countless minor ones in this area. Over 2500 houses were damaged, 
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Fic. 15. 
form the northeasternmost promontory of Kyushu. 
of Kammon Port. 


sub-district, are on hinter-zone sites. Such 
scattering in the hinter-zone is not equalled 
elsewhere in Kita Kyushu. 


CONCLUSIONS 


This study of Kita Kyushu, and observations 
made in other of Japan’s important manufac- 
turing zones, lead to certain conclusions con- 
cerning Japanese manufacturing as a whole. 
First, major manufacturing zones tend to 
develop around the important ports because 
the ports in Japan are both market and 
material foci. These ports must be able to 
enlarge their facilities if they are to support 
rapidly expanding industrialization. Second, 
industrial areas with limited level land and 
industrial water cannot compete with other 
districts not so handicapped no matter what 
kind of early preeminence they may have 
enjoyed. Third, even though Japan is a small 
country, a peripheral location far from the 


Courtesy Mainichi Newspaper, Moji 


Shimonoseki Strait as seen from over Shimonoseki City. Moji and the steep mountains behind it 
The ships at anchor in the Strait indicate the importance 


Kanto-Keihanshin (Tokyo-Osaka) principal 
economic axis is a distinct handicap. Fourth, 
certain large-scale establishments in Japan, 
such as integrated steel plants, shipbuilding 
concerns, stone, clay, and glass factories, and 
heavy machinery producers, have very large 
numbers (when compared to the United States 
and Europe) of completely satellite plants 
associated with them, and thus function with 
unusual vigor as growth generators. Fifth, sev- 
eral categories of factory sites may be desig 
nated. Each of these site types has rather spe 
cific location and use characteristics and is 
believed to exist in all of Japan’s large coastal 
industrial zones. Finally, because value added 
by manufacture and salaries and wages pet 
worker are relatively low in Japan, a factory 0 
given employment makes a smaller contribv- 
tion to the economy of its surroundings than 
similar factory would make in the United 
States or in many other parts of the world. 
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THE GEOGRAPHY OF COMMUTING IN WEST GERMANY 


ROBERT E. DICKINSON 
University of Leeds, England 


NCREASED attention has been given in the 
peer years to the mobility of labor in 
Europe, both within and across State frontiers.’ 
Of special importance in this connection is the 
daily journey to work from home to work- 

2 Such movements have been recorded in 
the most recent censuses of various European 
countries (with the notable addition of France 
in its 1954 census) and the results are in 

of publication. Here is the opportunity 
for the systematic study on a detailed scale of 
one of the most important aspects of population 
movement. We need to know more not only of 
the distribution of the day-time population in 
great cities, but also of the degree of depend- 
ence of “rural” communities on daily employ- 
ment beyond their boundaries. The case of 
Belgium and the Netherlands has already been 
reported.* In this article we turn to the Fed- 
eral Republic of Germany. 


THE GROWTH OF COMMUTING 


The “journey to work” dates back in certain 
areas of West Germany to the second half of 
the 19th century. It developed with the change 
from domestic handicraft industries to large- 
scale production in factories. The increased 
demand for labor in new plants was met not 
only by the workers who migrated as perma- 
nent residents to the industrial centers, but 
also by those who travelled daily from their 
homes in the surrounding countryside. It was 
the advent of the railroad that made such daily 
movements possible. The decline of the han- 
dicrafts brought catastrophic conditions of 
unemployment in areas that were peopled far 

‘“Bibliographie méthodique et partiellement anno- 
tée relative 8 la Mobilité interne et aux Migrations 
Internationales des travailleurs dans les pays de 
l'Europe occidentale depuis la fin du XXiéme siécle.” 
Publication of Unesco Institute for Social Sciences at 
Cologne, prepared for the High Authority of the Euro- 
pean Coal and Steel Community, September, 1955 
(mimeographed ). 

*Kate K. Liepmann, The Journey to Work: Its sig- 
nificance for industrial and community life (London, 
1944). General considerations with prewar examples 
from Britain and continental Europe. 

‘Robert E. Dickinson, “The Geography of Com- 
muting: The Netherlands and Belgium,” Geographical 
Review, Vol. 47 (1957), pp. 521-38. 


beyond their agricultural possibilities. Tiny 
holdings and inadequate work for farm labor- 
ers have also constantly operated as expulsive 
forces.* 

The daily movement of workers to urban 
centers grew in number and range between 
the wars. Since World War II the movement 
has further increased at a rapid rate. The 
increase has been due in large part to the big 
forced influx into the country villages of east- 
ern refugees as well as evacuees from the big 
cities who, of necessity, have had to travel to 
work as the economic revival miraculously 
forged ahead after 1948.> Many other country 
workers (and increasing numbers of young 
women ) have also been drawn to the seats of 
industrial employment, attracted by the higher 
wages and regularity of work that are offered, 
as opposed to agricultural employment, which 
is both ill-paid and irregular. 

The great increase in the daily movement of 
workers has been facilitated by greatly im- 
proved and widely extended means of com- 
munication. Movements down to 1900 were 
almost exclusively by railroad. The bicycle, 
and latterly the motor-cycle (in its various 
forms ), seem to be used today by the majority 
of workers in getting to work. Street-car and 
bus are important, and the latter increasingly 
so for longer distances, but they carry much 
smaller numbers than the railroads. Moreover, 
in Germany the street-car has been perfected 
on both suburban and inter-urban routes and 
has not been replaced by the bus to nearly the 
same degree as in Great Britain, where street- 
cars have been abandoned in many cities. Fig- 
ures of the relative importance of the different 
forms of traffic are not available, but a par- 
ticular example will be illuminating. The 
Badische Analin und Soda Fabrik, the vast 
chemical works at Ludwigshafen, employed 
some 33,000 workers in July 1951—about one- 
half of all the workers in this city. About 33 


*Peter Schiller, “Die Pendelwanderung als geo- 
graphisches Problem,” Berichte zur deutschen Landes- 
kunde, Band 17, Heft 2 (1956), p. 264. 

5 Chauncy D. Harris and Gabriele Wiilker, “The 
Refugee Problem of Germany,” Economic Geography, 
Vol, 29 (1953), pp. 10-25. 
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percent arrived by train (some by special 
trains over long distances from many villages 
in the countryside of the Palatinate), 3 per- 
cent by bus, 6 percent by street-car, 43 percent 
by bicycle and motor-cycle, and 15 percent on 
foot. 

The increase in the habit and range of com- 
muting in the postwar years is having profound 
effects on the socio-economic structure of the 
village as well as upon patterns of land use, 
especially in areas with minute and fragmented 
holdings. Many small-holders who have taken 
up industrial jobs have even allowed their 
patches of land to lie idle, so as to form what 
is called “social fallow.” They retain their bits 
of land not only because of their traditional 
attachment to them, but also as an insurance 
against the possibility of more difficult days 
ahead. Such developments are especially sig- 
nificant in Hesse.* 


THE CENSUS: SOURCES AND DATA‘ 


The first complete census record in Ger- 
many of the journey to work was taken in 
1900 in Wiirttemberg. The term Pendelwan- 
derer was devised at this time by Dr. H. J. 
Losch. In Prussia the journey to work only 
covered towns with over 100,000 inhabitants 
and several industrial districts. Such records 
were not undertaken systematically for the 
whole Reich in subsequent censuses.*® 


* Wolfgang Hartke, “Die Sozialbrache als Phanomen 
der geographischen Differenzierung der Landschaft,” 
Erdkunde, Band X, Heft 4 (1956), pp. 257-69, and 
“Die Soziale Differenzierung der Agrar-Landschaft 
im Rhein-Main-Gebiet,” ibid., Band VII, Heft 1 

1953). pp. 11-27; G. Wiegelmann, “Die Frage 
des Brachlandes in Westdeutschland,” Berichte zur 
deutschen Landeskunde, Band 19, Heft 1 (1957), pp. 
46. 

* Werner Nellner, “Die Pendelwanderung in der 
Bundesrepublik Deutschland, ihre statistische Erfas- 
sung und kartographische Darstellung,” Berichte zur 
deutschen Landeskunde, Band 17, Heft 2 (1956), pp. 
229-53. See also in the same volume Peter Schiller, 
op. cit., pp. 254-65. 

* Other statistical evidence, faute de mieux, has 
been used in studies of this problem—such as com- 
muting tickets issued by railroads; employment cards 
of the labor exchanges ( Arbeits4mter); and the rec- 
ords of the Gewerbesteuerausgleich. The last is a tax, 
finally introduced throughout the Reich in 1936, that 
is levied by the Cemeinde on an employer and is 
apportioned by the State to those of the Gemeinden 
from which the employer derives at least ten workers, 
it is one of the various taxation expedients adopted 
in different countries to help overcome the financial 
difficulties caused by the separation of residence and 
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The first comprehensive record for th 
whole of West Germany was taken in ty 
census of September 1950.° The data ate 
available in the general (or special) ceng, 
volumes of each of the Lénder for ever 
Gemeinde. The Gemeinde is the smalls 
administrative and statistical unit. It has a 
average size of 10 square kilometers and foy. 
fifths of the total of 24,156 Gemeinden hay 
fewer than 2,000 inhabitants. The following 
data are listed: (1) the number of residey; 
workers; (2) the number of workers wh 
reside in each Gemeinde but work outside j 
—the so-called Auspendler or, as we shall cal 
them, out-commuters; and (3) the number of 
workers who reside outside the Gemeinde and 
travel in daily to their work—the Einpendle: 
or in-commuters. This is a census of gainfully 
employed workers only, and does not include 
the large movement of students of all kind 
nor those who only make occasional journeys 
to work. Moreover, in Lower Saxony, Bavaria 
and Hesse, only those in actual employment 
are included, whereas in the other Lander the 
unemployed are also recorded as to their nor. 
mal place of work. Additional data are als 
listed as to sex, occupation (nine major cate. 
gories ), age, and economic and family status 
Part-time cultivators with over 0.5 hectares of 
land are listed separately, as are the refugees 
( Heimatvertriebene ). Distances travelled and 
means of transportation are not listed, as they 
are in the Netherlands census, but a number of 
ad hoc investigations by local statistical offices 
have enquired into this question. All the cen- 
sus data are now published and they are being 
presented in map form in connection with Dr. 
Briining’s ten volume Planning Atlas of Ger- 
many.!° 


*It was repeated in the census of September 25, 
1956 (Wohnungs- und Bevélkerungszdhlung), though 
the 1956 results are not yet published. This includes 
not only gainfully employed workers but also, as 
new departure, students of all kinds. 

©The data for the individual Lédnder are being 
mapped by the Landesplanungsbehérde in association 
with the Akademie fiir Raumforschung und Landes 
planung, headed by Dr. K. Briining, Bertastr. 2, Har 
over. These form a part of the Deutsche Planung 
atlas. So far the following have appeared: 

(1) Schleswig-Holstein, three maps ( scale 
1/500,000): Bilanz zwischen Einpendlern und Aut 
pendlern with a circle for each Gemeinde proportional 
to surplus of in-commuters (blue) or out-commuter 
(red); Verteilung der Pendelwanderer, showing the 
percentage of out-commuters to total workers for each 
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According to the census of 1950 there were 
3,190,900 out-commuters in West Germany— 
784 percent males and 21.6 percent females. 
These out-commuters made up 14.5 percent of 
all employed persons. The number of in-com- 
muters must equal the number of out-com- 
muters with the exception of movements 
across the frontiers. Workers travelling daily 


| across the frontiers numbered only 10,800. 


Half of these travelled daily to work in the 
Saar and about one-third crossed the irregular 
Swiss frontier. We cannot make an over-all 
comparison with the figure for 1939, but in 
the predominantly agricultural land of Bavaria 
the percentage of out-commuters to total 
workers increased from 7.5 percent in 1939 to 
10.0 percent in 1950; and in the Palatinate, 
which has a high proportion of commuters, 
the increase was from 13.9 to 20.5 percent. 
There has again been a remarkable increase 
since 1950, though over-all data are not yet 
available. It is estimated that the numbers in 
Hesse have increased by about 10 percent and 
in Baden-Wiirttemberg by as much as 50 per- 
cent. On the basis of such data, it would 
appear that the total number of commuters in 
West Germany increased from 3.2 millions in 
1950 to 3.5 to 4.0 millions in September of 
1956." 

The data may be broken down for the 
Republic in general and for the Lénder in 
particular as follows. Out of the nine major 


Gemeinde in 9 shades of brown; and Pendelwanderung 
nach zentralen Orten, with arrows varying in thick- 
ness according to the number of workers who travel 
from each Gemeinde to the central places, grouped in 
three orders of magnitude. 

(2) Hesse (scale 1/600,000): Ein- und Auspend- 
lergemeinden 1950, showing circles proportional to the 
surpluses of out- or in-commuters. 

(3) Bavaria (scale 1/300,000): Pendlergemeinden 
1950 und ihre Haupteinzugsbereiche, showing centers 
and areas by absolute and relative methods. 

(4) North Rhine-Westphalia: Der Berufspendel- 
verkehr (scale 1/300,000), noted in text of this article 
and generalized in Figure 3. 

The full statistical data are obtainable in the pub- 
lished returns of the 1950 census from the office of 
each Statistisches Landesamt and there is a brief sum- 
mary for the Bundesrepublik in Statistik der Bundes- 
republik Deutschlands, Band 37, Die berufliche und 
soziale Gliederung der Bevilkerung, Heft 5 (Wies- 
baden, March, 1956). See also “Die Pendelwanderung 
in der Bundesrepublik Deutschland,” by Hans Burk- 
ner, in Wirtschaft und Statistik, Jy. 7, N.F., Heft 10 
(1955), pp. 491-95. 

"Wermer Nellner, op. cit., p. 243. 
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categories of occupation, 40 percent of the 
commuters were engaged in the fabricating 
and building industries (textiles accounting 
for the most, though not separately specified ) 
and 20 percent in the iron and metal-working 
industries. The number of those with an 
alternative source of income in agriculture, 
owning at least 0.5 hectares, reached 167,000 
or 6.6 percent of the total male commuters, 
with above average levels in Hesse (8.6 
percent ), Rhineland—Palatinate (8.5 percent), 
and Baden—Wiirttemberg (7.9 percent ). These, 
at least, may definitely be regarded as com- 
muters by choice. Twenty-two and four- 
tenths percent of the commuters are classed as 
refugees from the eastern territories, the pro- 
portion being highest in Schleswig-Holstein 
(40.9 percent), Lower Saxony (36.1 percent ) 
and Bavaria (30.5 percent ). 

The map gives more meaningful expression 
to the geographic structure of commuting than 
the statistical table. Such a map for the whole 
Republic on a scale of I/IM is now available 
on the basis of the Gemeinden.'* This shows 
in shades of blue the percentage of out-com- 
muters to total resident workers in four cate- 
gories—under 10 percent, 10 to 25 percent, 25 
to 50 percent, and over 50 percent. In shades 
of red are shown the percentage of in-com- 
muters to total working (i.e., day-time) popu- 
lation in the same categories. It is not possible 
to reproduce this map here, but a more 
generalized map of the patterns has been pre- 
pared independently on the basis of the Land- 
and Stadtkreise, a total of 556 districts, each 
containing 40 to 50 Gemeinden. This map is 
shown in Figure 1. It was compiled from the 
census volumes before the publication of the 
Bundesamt map noted above. It shows the 
percentage of out-commuters to resident work- 
ers and though not nearly so detailed as the 
Bundesamt map, it brings out the essential 
geographic patterns of commuting. 

While the Bund figure for out-commuters 
among total employed workers is 14.5 percent, 
Figure 1 reveals extensive contiguous areas in 
which the proportion of out-commuters is over 
25 percent and near some of the big cities the 
proportions exceed 40 and often 50 percent of 


2 Pendelwanderung 1950, prepared by the Buncdes- 
anstalt fiir Landeskunde and published in September 
1955 on a scale of LM. This can be obtained from 
the Statistisches Bundesamt, Wiesbaden, or the Bun- 
desanstalt fiir Landeskunde, Remagen. 
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Fuc. 1. Out-commuting in the Kreise of West Germany. Out-commuters as percent of total resident 
employed, by Kreise, 1950. Letters indicate the cities with over 10,000 in-commuters. 
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total resident workers. Among the resident 
workers of a rural community are those 
engaged locally in agriculture and services; 
the latter alone normally account for 25 to 33 
percent of the total employed. If these are 
deducted from the total number of resident 
workers, the highest possible proportion of 
out-commuters would be about 60 percent, or, 
in markedly agricultural communities, consid- 
erably less. Thus, there are numerous Gemein- 
den that may, in effect, be described as 
industrial communities, even though they are 
basically agricultural villages located in the 
open countryside. 

The main areas of outflow of workers are as 
follows (located in terms of their chief centers 
of inflow ) : the Osnabriick—Bielefeld—Hanover- 
Braunschweig area; the large area west of the 
lower Rhine, focussed upon the large cities of 
Cologne, Diisseldorf, and, to lesser degree, 
Aachen and Krefeld, and a number of smaller 
work-centers; an important area that stretches 
north from Frankfurt through Wetzlar, Gies- 
sen, and Siegen, and includes the orbits of a 
number of lesser towns in the Rhine Massif 
east of the Rhine (Westerwald); the great 
outstanding area of the northern section of the 
Rhine Rift Valley and its hilly environs 
(Hesse), reaching south from Mainz and 
Frankfurt to include the orbits of Mannheim- 
Ludwigshafen and Karlsruhe; and finally, the 
area of central Wiirttemberg, with its main 
centers in Pforzheim (linking with Karlsruhe), 
Stuttgart, Heilbronn, and Ulm, and a series of 
lesser urban centers between Ulm and Munich. 
Hamburg is a distinct center of attraction in 
the Northern Lowland, though its orbit is 
markedly concentrated on the northern side of 
the River Elbe. 

The inflow of workers to the Kreise, ex- 
pressed as a percentage of total day-time 
workers in each, is shown on Figure 2.'* These 
areas of inflow are complementary to the areas 
of outflow. Areas in which over 20 percent of 
the labor force is derived from in-commuters 
are as follows: the Bielefeld-Herford—Min- 
den-Detmold area; the Giessen—Wetzlar area; 
the Rhine-Main (Mainz—Darmstadt) area 
over 35 percent, the highest in the country on 
this areal basis; and the central Baden—Wiirt- 
temberg area. 


18 Redrawn from a map in Statistik der Bundes- 
republik Deutschlands, Band 37, Heft 5 (1956), p. 29. 
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There are also extensive areas with low 
mobility ratios with less than 10 percent ¢ 
out-commuters. These are usually predon 
nantly rural areas with small urban cente; 
far removed from the orbits of the big citig 
The Northern Lowland has figures of |g; 
than 10 percent of out-commuters over larg 
areas. The other major areas of low mobilix 
are the greater part of Bavaria, except for th 
orbits of its major cities of Munich and Ny. 
emberg, and the cluster of small industrialize 
towns in northern Franconia. This low mobi 
ity area in Bavaria also includes the contig. 
ous areas in the northeast and southeast of 
Wiirttemberg. The western half of the Rhine 
Massif (Eifel and Hunsruck) is also an are 
of low mobility, while southern Baden ani 
Wiirttemberg contain a mixture of undisturbed 
Gemeinden and local urban centers with high 
inflows from their surrounding orbits. 

It is significant that among the 46 citig 
with over 10,000 in-commuters (shown by 
their initia] letters on Figure 1), the number is 
emphatically not proportional to the total 
resident population of the city. The largest 
influx is found in Frankfurt (70,000) and 
Stuttgart (62,000).1* They are followed by 
Hanover, Hamburg, Munich,’> and Cologne 
(40-50,000 ), and then by Mannheim, Nuren- 
berg and Diisseldorf (30—40,000). The Ruhr 
cities of Dortmund, Bochum, and Essen, with 
just under 20,000 in-commuters each, are very 
low in this scale. Indeed, the whole Ruhrge- 
biet and its environs is one of the areas witha 
relatively low percentage of mobility as indi- 
cated above, and while this may be partly 
explained by the large administrative area of 
the major cities, this is not the whole of the 


story. 


FACTORS IN THE GEOGRAPHIC STRUCTURE 
OF COMMUTING 


The causes of the varying regional intensity 
of commuting are many and complex and can 
be evaluated only in terms of the historicd 


4 According to the authorities at Stuttgart, thi 
influx had increased in June 1958 to 110,000! 

1° The total in September 1956 was 71,000. This’ 
an increase of 65 percent over the figure for 195). 
Just before the war the figure was only 13,000. Se 
Miinchener Statistik, Statistisches Amt der 
hauptstadt, Nr. 5, May 1957, pp. 103-115. Also Chr 
Borcherdt, “Die Wohn- und Ausflugsgebiete in det 
Umgebung Miinchens,” Berichte zur deutschen Low 
deskunde, Band 19, Heft 2 (1957), pp. 173-87. 
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| development of the areas concerned, and 


through correlation with other relevant regional 
distributions in equal detail. Factors do not 
consistently operate in the same way but inter- 


| act and are historically determined. It will be 


evident that the degree of mobility, while 
associated with the density of population, is 
not consistently proportional to it; nor is it 
simply a function of accessibility to places of 
work, though this facility is essential before 
other expulsive factors can operate. Daily 
travel is either by public transportation, i.e., 
by train, street-car, or bus, or, over short dis- 
tances up to ten miles, by bicycle; the private 
automobile is negligible. Moreover, in addi- 
tion to the “suburban” commuters, who live on 
the periphery of the cities, there are many who 
travel from their homes in the country villages 
to their work places in urban village, town, or 
city. They do so because of lack of work—in 
agriculture, crafts, or services—in their local 
milieu. Such expulsive social and economic 
conditions are related to the size of the family; 
inadequate land holdings, arising from the 
prevalent system of land tenure and inheri- 
tance: the decline of old-established domestic 
handicrafts; and the increasing mechanization 
of agriculture. These conditions are expressed 
in a lack of employment opportunities, and 
thus of income, that can be relieved by per- 
manent emigration either overseas or to a city. 
But temporary migration and daily travel to 
work are alternative ways of finding work that 
are widely practiced. Workers often cling to 
their local country homes and to their tiny bit 
of inherited land, on which they can rely as a 
supplementary source of income. They cherish 
their contacts with the local community and 
frequently, as many recent questionnaires have 
revealed, express an aversion to the big city, 
where life is impersonal and expensive.'* In 
order to illustrate these points we shall select 
two major areas for special comment—North 
Rhine-Westphalia and Wiirttemberg. 


For a general discussion of these conditioning fac- 
tors see Peter Schiller, “Die Pendelwanderung als 
geographisches Problem,” Berichte zur deutschen 
Landeskunde, Band 17, Heft 2 (1956), pp. 254~65. 
Illuminating comparisons can be made between the 
Pendelwanderung map and the map of the dominant 
occupational groups of the resident (census) popula- 
tion (Die Erwerbspersonen nach vorherrschenden 
Wirtschaftsbereichen). Both are based on the 1950 
census on a scale of I/M and were prepared by the 
Bundesanstalt fiir Landeskunde. 


NORTH RHINE-WESTPHALIA 


The Land of North Rhine-Westphalia has 
marked regional contrasts in commuting pat- 
terns that reflect differences of socio-economic 
structure.'7 Figures 1 and 2 show the broad 
contrasts on the basis of the Land- and Stadt- 
kreise (the first a group of Gemeinden, the 
second normally identical with the city area). 
Out of 5.7 million workers in the whole Land, 
only 15.3 percent were commuters—North 
Rhine 14.3, Westphalia 16.7 percent (West 
Germany, 14.5 percent). The rural Land- 
kreise account for 52 percent of all the work- 
ers, but contribute 83 percent of the com- 
muters. Out of this high total, however, over 
one-half were involved in short journeys within 
the boundaries of each Kreis, as a rule to its 
central town. The pull to outside centers is 
naturally greater near the big cities. The 
Landkreise with the highest percentage of out- 
commuters are located in eastern Westphalia 
and west of the Rhine. The numbers of in- 
commuters, however, are accounted for mainly 
by the 21 cities with over 100,000 inhabitants, 
the chief of which are Cologne, Diisseldorf, 
and Bielefeld. On the other hand, the Stadt- 
kreise are conspicuous on the map by the fact 
that in general less than 10 percent of their 
labor force is derived from in-commuters and 
less than 10 percent of their resident workers 
travel beyond the city limits. The biggest sur- 
pluses of in-commuters are not in the big 
cities, but in the smaller centers in eastern 
Westphalia and in the districts west of the 
Rhine. 

Figures 3 and 4 show the commuting pat- 
terns in detail. Figure 3 is based on a map on 
a scale of 1:300,000 published in September 
1955 by the Landesplanungsbehérde at Diis- 

17 On the whole area, see the following recent atlas 
with excellent text: Raumordnung Raumforschung 
Landesplanungsgesetzgebung in Nordrhein—W estfalen, 
Schriftenreihe des Minister Prasidenten des Landes 
Nordrhein—Westfalen, Landesplanungsbehérde Diissel- 
dorf, 1951, 54 maps and 52 other diagrams. See also 
various articles in the Statistische Rundschau fiir das 
Land Nordrhein—-Westfalen, Statistisches Landesamt, 
Diisseldorf, notably “Die Pendelwanderer in Nord- 
rhein—Westfalen,” 4 Jg., 2 Sonderheft (1952); “Berufs- 
verkehr und Verkehrsmittel,” 4 Jg., Heft 6 (June 
1952), and articles on the in-commuter traffic of 
Diisseldorf, 5 Jg., Heft 5 (May 1953), Cologne, Heft 
3 (March 1953), Wuppertal, Heft 4 (April 1953). 
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Fic. 3. Commuting in Rhineland—Westphalia. Cities may be located from Figure 4. 


seldorf.'* It shows the surplus of in- and out- 
commuters for each Gemeinde. A circle drawn 
for each Gemeinde is proportional to the 
number employed in nonagricultural pursuits 
(Gemeinden with less than 120 workers are 
omitted ). Within each circle a black segment 
shows the surplus of in-commuters. A small 


48 This map also has two insets on a scale of 
1:500,000. The first shows the number of in-com- 
muters (minimum 250), with the percentage of 
females. The second shows the total numbers (rather 
than surpluses) of commuters, each circle being pro- 
portional to the total number of employed (minimum 
500) and, within it, a second circle showing in blue 
(minimum 100) the sum of in-commuters and the 
remainder the sum of the out-commuters. Tiny circles 
show the GCemeinden with 100-200 or 200-500 com- 
muters who are predominantly in-commuters (hollow 
circle) or predominantly out-commuters (solid blue). 


black circle alone means that the number of 
out-commuters exceeds the number of local 
nonagricultural workers. Surpluses of fewer 
than 50 in- or out-commuters are not shown. 
An arrow-like wedge, narrowing at the circle 
of destination and varying in width according 
to the number, shows the movement of com- 
muters from Gemeinde of origin to Gemeinde 
of destination (a movement of less than 200 
persons is not shown). 

Figure 4 is designed to show the areas of 
origin of commuters who travel to the chief 
centers of inflow. The latter include all 
cities with over 5,000 in-commuters. Every 
Gemeinde was plotted from which over ) 
persons worked in one or more of these cet- 
ters. (Figure 3 takes 200 as the minimum.) 
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Fic. 4. Commuting areas in Rhineland—Westphalia. 


The map has been generalized by grouping tion of the Rhine cities; and (4) the very 
those Gemeinden which sent 50 commuters to extensive sphere of attraction of Cologne, 
one center, 50 commuters to two centers, or to which draws on many villages of the Rhine 
each of three and more centers. This interest- Plateau east of the Rhine and attracts workers 
ing map reveals the following salient fea- from the Gemeinden in the immediate orbit of 
tures: (1) the distinctive and exclusive orbits Bonn itself. 

of towns in the countryside, e.g., Miinster, The west-east series of Ruhr cities ( Duis- 
Bocholt, Bielefeld, Herford, Siegen, and burg-Essen-Dortmund ), the neighboring coal- 
Aachen; (2) the diversity of movements to the mining communities to the north, and the 
Ruhr cities, none of which, except Dortmund communities that lie between the Ruhr series 
and Hagen, have exclusive areas of attraction; and the cities of Diisseldorf, Wuppertal, and 
(3) the wide and interlocking areas of attrac- Hagen to the south, have complex and inter- 
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locking movements. The major Ruhr cities 
have large administrative areas and the bulk 
of their workers live within their boundaries. 
They have large numbers of in- and out-com- 
muters, but only a small net in-commuter sur- 
plus (generally under 10 percent). Coal-min- 
ing is a major occupation and the older mines, 
most of which are located within the areas of 
the major cities, such as Essen, are spaced only 
two or three kilometers apart, so that the 
miner's journey to work is normally very short. 
The bulk of the incoming workers to these 
cities is drawn to their central business and 
industrial districts. The coal-mining communi- 
ties immediately to the north of the main 
populous belt are newer and their mines are 
larger and more widely spaced and often con- 
stitute the major source of employment. (Ten 
mammoth mines are to be constructed in the 
next ten years in this area and these will have 
several exits. The mines will be spaced about 
7 kilometers apart and maintain a population 
of some 50,000 persons near each mine.) It is 
for these reasons that 80 percent of the coal- 
miners travel less than 4 kilometers to their 
daily work. Thus, most of the Gemeinden in 
the northern coal-mining tier house their own 
miners and their families. They have usually 
a surplus of persons, notably women, who seek 
employment in the larger cities. This phe- 
nomenon is clearly shown on Figure 3. Note 
also the rapid decrease of the number of com- 
muters to the north of the coal-field. Few 
coal-miners in the Ruhr live on the land. Most 
of them are “immigrants” who have been 
housed near their work. The belt of Gemein- 
den south of the Ruhrgebiet, between it and 
Wuppertal and the Sauerland, has higher per- 
centages of out-commuters who work in the 
big cities and in nearer and smaller industrial 
centers. On the whole, therefore, the Ruhr- 
gebiet is an area of complex local and inter- 
urban movements that are predominantly 
short distance movements, and in general the 
proportion of out-commuters to total resident 
workers is not much above the national aver- 
age. This, of course, is a basic characteristic 
of the structure of all conurbations and is 
reflected in their immense problems of hous- 
ing and transportation. 

Eastern Westphalia presents an entirely 
different commuting structure. This difference 
is rooted in the history of its economic devel- 
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December 


opment.'® The spinning and Weaving of flay 
was an important medieval craft in this are, 
This pursuit was encouraged as a domesti 
craft by the rulers in the 17th and 18th cep, 
turies. Labor was drawn from the landles 
hands who were unable to obtain land owing 
to the prevalent system of handing on the far 
holdings in unbroken succession from fathe 
to eldest son. To this day many a straggling 
cluster of craftsmen’s homes gives a character. 
istic feature to this countryside. This oy. 
standing industrial area, with its organizing 
foci in the towns, was smitten by the Napole. 
onic blockade, and in the 1840's both hand 
spinners and weavers were badly hit by the 
competition of the new machines in the towns 
and by the competition of British cotton prod. 
ucts in outside markets. Factories were built 
in Bielefeld and the other towns for the pro. 
duction of a wider variety of textile goods 
the making of clothing, the manufacture of 
machinery (sewing-machines, bicycles, etc.), 
cigars, and furniture. All these industries were 
attracted by the existence of a large and 
skilled, but underemployed, population living 
in the open countryside. Consequently, these 
relatively small towns depend to this day toa 
remarkably high degree upon workers from 
the surrounding villages—to the extent of 3 
percent of all workers in Bielefeld and 45 per. 
cent in Herford and Minden. The backbone 
of this structure is the autocthonous worker, 
with a little land, who travels daily and volun- 
tarily over short distances to relatively small 
towns. (A similar situation is found in the 
Siegen iron and steel working district in the 
extreme south of the Land.) This characteris 
tic structure is abundantly evident today in the 
widespread dispersion of new groups of work- 
ers’ cottages and in the great density of the 
network of local bus routes throughout the 
countryside, as we have closely observed, 
between Bielefeld, Herford, and Detmold. 
West of the Rhine, the Landkreise*® again 
have high proportions of out-commuters. The 
numbers of out-commuters are small, but out- 
side employment is of vital importance to the 
livelihood of these communities. This is both 
a rich agricultural and highly industrialized 


!“W. Miiller-Wille, Westfalen: | Landschaftliche 
Ordnung und Bindung eines Landes ( Miinster, 1952), 
especially pp. 300-17. 

2° These are the country districts as distinct from 
the Stadtkreise which are the larger urban districts. 
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area, and one-third of the workers in its Land- 
kreise are commuters. The chief centers of 
attraction are Cologne and Diisseldorf, fol- 
lowed by Krefeld and Aachen. The first two 
recruit far more outside workers than the 
Ruhr cities and, as shown in Figures 3 and 4, 
Cologne in particular has an extensive geo- 
graphic orbit, which reaches along the rail- 
roads to distant villages in the Rhine Massif 
and the Lower Rhine Plain. 

The rural Gemeinden of the Lower Rhine 
Plain have small surpluses of out-commuters 
who travel long distances to the major centers 
on its periphery, but small industrial towns 
such as Diiren and Jiilich draw nearly a half 
of their workers from the surrounding country- 
side. The upland of the Ville, stretching north- 
west-southeast of Cologne, with its brown-coal 
mines and associated brickworks and power 
plants, gives rise to more complicated com- 
muting patterns. The northern Gemeinden, 
situated some 10 to 15 miles northwest of 
Cologne, have a substantial net inflow of 
workers, in contrast to the southerly section of 
the Ville to the southwest of Cologne, where 
the inflow to the large villages is more than 
counterbalanced by an outflow of workers to 
Cologne.”! 

It may be noted, finally, that females make 
up an abnormally high proportion of the 
in-commuters (20 to 50 percent) in the Rhine 
cities, with their highly developed diversified 
industries and a high proportion of service 
occupations; in the textile and light metal- 
working areas of Wuppertal; and in the textile 
mills of northeastern Westphalia. On the other 
hand, there are conspicuously few female 
workers in the mining and metal-working 
industries of the Ruhr and the Siegenland. 
Many of the womenfolk in the northern tier of 
coal-mining Gemeinden of the Ruhrgebiet 
travel farther to work than the men, since 
there are few local job opportunities for them, 
so that many move into the major cities and 
even farther south to the textile and metal- 
working plants in the Wuppertal area. 


NORTH WURTTEMBERG 


Wirttemberg, as noted above, is a classic 
. * Raumordnung Raumforschung etc., op. cit. See p. 
20 for a map of homes of workers in brown-coal mines 
in this area. 


area for the journey to work.” The northern 
Regierungsbezirk, the main area of these 
movements, is selected for special comment. 
This district is about 100 kilometers in diame- 
ter and has its main axis in the valley of the 
Neckar, with Heilbronn in its center and 
Stuttgart in the south-center. In September 
1955 there were 360,000 commuters in this 
district alone who travelled on foot, by rail, 
bus, or bicycle to their places of work beyond 
the boundaries of the Gemeinden in which 
they lived. This is about one-third of the total 
number of employed persons, and is undoubt- 
edly the highest proportion of commuters for 
such a wide area in the whole of Germany. 
Further, this total has increased by leaps and 
bounds since 1950, when the proportion was 
even then at the high level of 20 percent of all 
workers. This is regarded as a “favourable 
economic and social process, that helps to 
counterbalance the excessive concentration of 
workers in the large urban centers, and to 
maintain and strengthen the decentralization 
of the economic structure.” 

The location of the main area of movement 
is shown in general on Figure | by the Land- 
kreise grouped around Stuttgart, from each of 
which over one-quarter of the resident work- 
ers are out-commuters. The geographic pat- 
tern is shown in much greater detail on the 
Bundesamt map noted above, which is based 
on the Gemeinden. The latter reveals that 
there are numerous Gemeinden with 25 to 50, 
and many with over 50 percent of their work- 
ers employed outside their boundaries. The 
principal focus of these movements is the 
largest city, Stuttgart. Around it there are 
contiguous series of industrialized towns and 
villages, with their dependent Gemeinden. 
These reach up the Neckar to Tiibingen and 
Reutlingen and beyond, and downstream as 
far as Heilbronn; eastward along the Fils 
valley through Géppingen and Geislingen and, 
over the Alb, to Ulm and Heidenheim; and 
westward to the Kraichgau and its environs, 
whence workers travel to various centers, of 
which the chief are Pforzheim at the northern 


22]. Griemeier, “Die Pendelwanderung in Wirttem- 
berg, Wiirttembergische Jahrbiicher fiir Statistik und 
Landeskunde, 1929, Statistisches Landesamt (1930), 
pp. 60-115 with tables and maps. 

28 “Die Zahl der Pendler ist auf 850,000 gestiegen,” 
Bericht Nr. 69, by the Institut fiir Siidwestdeutsche 
Wirtschaftsforschung (Stuttgart, 1956). 
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end of the Black Forest, and Rastatt, Karls- 
ruhe, and Mannheim along the Rhine. 

The northeastern section of the Regierungs- 
bezirk (to the northeast of Heilbronn), on the 
contrary, is little affected by outside employ- 
ment. This area includes the Hohenlohe and 
Halle plains, which are purely agricultural 
with few opportunities for nonagricultural 
employment. It is also remote from the big 
centers of employment and there has been 
little industrial growth in its small towns. 
This is a problem area in which industry must 
be introduced in order to absorb the large 
surplus unemployed and underemployed labor 
force. 

North Wiirttemberg has highly diversified 
and skilled industries, such as the making 
of jewelry (Pforzheim), metal goods and 
machinery, automobiles and bicycles, musical 
instruments, and a diversity of textile prod- 
ucts. It has a slender resource and power base, 
but a wealth of skilled labor that has been 
systematically sought after since the beginning 
of the 19th century. As early as 1830 the 
State began to encourage the establishment of 
industries in the small towns in order to give 


employment to the army of poverty-stricken 
and underemployed workers—both craftsmen 


and agricultural workers. The numerous 
industries have normally grown from small 
beginnings and seldom has a large plant been 
suddenly located at a particular site. More- 
over, even the big modern firms, such as 
Daimler and Bosch in Stuttgart, though em- 
ploying large numbers in the city, have long 
pursued a policy of decentralizing their indus- 
trial plants. Factories are located not only in 
the towns but also in much smaller places in the 
open countryside, both in the valleys and on 
the plateau of the Swabian Alb. In the latter 
area, we recall a settlement that initially was 
an undisturbed community of peasant culti- 
vators, and this settlement is still surrounded 
by farm lands with an improved three-field 
system of cultivation. Today, farmsteads are 
sandwiched between houses and stores, and 
many of the farmsteads are converted to new 
uses. This transformation has been brought 
about by the location here of a large plant for 
the production of harmonicas by a firm of 
world-wide repute, which employs several 
hundred persons. Many other rural Gemein- 
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den are, in terms of their livelihood structyp 
primarily industrial communities. ' 
The growth of industry in Wiirttemberg has 
been sustained almost entirely by local lah 
and is closely related to the mode of inheri. 
ance of farmed land. There is a gener 
though not invariable, association of industri 
employment with the subdivision of holdings 
and the majority of the commuters are derive) 
from Gemeinden in which the law of divided 
inheritance prevails. This, however, is a my. 
ter of economic development that varies from 
one area to another throughout the Southwes 
In the eastern third of Wiirttemberg, the 
three-field system with the clustered Gewanp. 
dorf was initially characterized by divided 
inheritance in accordance with tribal law, but 
there developed the practice of undivided 
inheritance, though not necessarily by descent 
to the eldest son ( Anerbenrecht ). In the west. 
ern third, mainly in the Black Forest, wher 
high authorities in the middle ages established 
compact heldings and dispersed farmsteads or 
planned villages, the law of undivided inherit 
ance has always prevailed, with the eldest son 
as the sole heir. Between these two areas, in 
the north-south belt of the Neckar lands, the 
law of divided inheritance (Realteilung) is 
prevalent. It seems to have developed in the 
middle ages on lands that became particularly 
productive through the introduction of high 
yielding crops, such as the vine and fruit trees. 
While this essential geographic pattern pre- 
vails today, big changes have taken place since 
the end of the 18th century. A general increase 
of population brought increased pressure on 
the land and an increased adoption of the law 
of divided inheritance on the richer lands 
well as in the Gewanne villages. But the need 
for additional work for more hands encouraged 
the spread of domestic crafts, such as weaving 
clock making, and wood and _ metal-work 
There was also a high tide of overseas emigta- 
tion down to the 1860's. In the second half of 
the 19th century mechanized industry and 
improved communications, especially by rail, 
increased the job opportunities. The State 
established a special department to deal with 
this matter in 1830 and labor was draw 
especially from the densely populated areas in 
which tiny holdings and the law of divided 
inheritance were prevalent. But the practice 
of Realteilung was also hastened where indus 
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trial employment increased. Thus, the spread 
of industry to the areas of Anerbenrecht in the 
north and southwest of the Black Forest was 
marked by a change to Realteilung,** but in 
the middle and south the practice of undivided 
inheritance continues to this day. 

Tiny fragmented holdings, high density of 
agricultural workers—far in excess of the 
work and income available on the land—and 
employment in industry are characteristic, in 
combinations that vary from one area to 
another. The Regierungsbezirk as a whole is 
overwhelmingly urban in its occupational 
structure. Only 14.5 percent of the population 
is dependent on agriculture, but out of 129,000 
holdings 37 percent have fewer than 2 hectares 
each, and another good third have 2 to 5 hec- 
tares. Holdings of 5 to 20 hectares account for 
a fifth of the total. The fact that 12 to 15 hec- 
tares of arable farm-land, or at least 5 hectares 
on a holding producing vines and fruits, are 
considered essential to maintain a family indi- 
cates the degree to which this area suffers 
from an excess of agricultural labor.*> The 
consolidation of holdings ( Flurbereinigung ) is 
now going on. This will deprive many men 
of their tiny fragments of land and make 
them completely dependent on nonagricultural 
employment. It is evident that still further 
industrial growth is possible in this whole 
area by transference of workers from agri- 
culture and by absorption of the abnormal 
refugee surplus. 

The growth of Stuttgart has been abnormally 
rapid in recent years?® and means are being 
sought to halt this trend. To this end the 
establishment of new and small industrial 


*See H. Rohm, Die Vererbung des landwirtschaft- 
lichen Grundeigentums in Baden Wiirttemberg, For- 


schungen zur deutschen Landeskunde, Band 102 
(1957), pp. 86-92. Also R. Gradmann, Siid-Deutsch- 
land (1931), Vol. 1, p. 181, and Vol. II, p. 200 and 
pp. 209-10. 

* For a classification of all Gemeinden in terms of 

their occupational structure and their dependence on 
the journey to work, see F. Huttenlocher, Versuche 
kulturlandschaftlicher Gliederung am Beispiel von 
Wiirttemberg, Forschungen zur deutschen Landes- 
kunde, Band 47 (1949). The standard work on this 
agricultural problem is Paul Hesse, Grundprobleme 
der Agrarverfassung (Stuttgart, 1949). 
* Otto Beck, “Das Problem der Pendler am Beispiel 
Stuttgart,” Raumforschung und Raumordnung, 12 Jg., 
Heft 4 (1954), pp. 236-7, note with map. Total 
numbers of in-commuters in 1953 is here given as 
80,000, a 40 percent increase over 1949. In June 1958 
the figure reached 110,000. 


plants (employing up to a few hundred work- 
ers) in the small villages and towns of the 
open countryside is encouraged and _facili- 
tated, and housing in the countryside in small 
new communities alongside the railroad is 
being provided for those workers who wish to 
live in the country within reasonable reach of 
their work. Such a plan is actively being pur- 
sued, but here as elsewhere it presents finan- 
cial problems for which the Gemeinde as a 
unit is outmoded and inadequate. The north- 
eastern Kreise present a special problem, since 
they are dominantly agricultural and have 
much underemployment; and considerable 
areas lie beyond convenient reach (say 10 
kilometers ) of the nearest town. 


CONCLUSION 


As a conclusion, certain recurrent problems 
in various areas of Germany, illustrated by the 
above examples, may be summarized.** One 
of the basic problems lies in the imbalance of 
income and expenditure in Gemeinden with 
abnormal rates of increase or decrease of pop- 
ulation. The increase of industrial employ- 
ment is almost invariably accompanied by a 
much slower rate of increase of persons 
engaged in services. Abnormally rapid increase 
in population means an increased rate of capi- 
tal outlay that is beyond the tax resources of 
the community. The rural Gemeinde that, in 
purely agricultural areas, is often experiencing 
a decrease in numbers, also has an inadequate 
tax base to provide for communal needs at 
increasing costs per capita. Cities grow so fast 
that they, too, are in the same position. Thus, 
there arises here, as elsewhere, the urgent 
problem of the distribution of income and 
expenditure between town and country on a 
new geographic base. 

The tremendous increase of commuting traf- 
fic to the cities has been occasioned by the 
rapid re-establishment of industries in them, 
so that people have been employed far quicker 
than houses can be built (with an enormous 
leeway to be made up through devastation by 


“7 Among many recent sources, see Otto Beck, “In- 
dustrieplanung?”, Raumforschung und Raumordnung, 
13 Jg., Heft 1 (1955), pp. 43-47, with a map of 
industrial planning, showing Gemeinden classified on 
this basis, for North Wiirttemberg. Also E. Hirsch, 
“Aus der Kommunalpolitik eines Landkreises,” Wiirtt. 
Gemeinde Zeitung, Nr. 3, March 1952. Thanks are 
due to Dr, Hirsch for conducting us over the area 
and for maps and other data. 
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wartime bombing), and many people are 
travelling long distances (one to two hours 
each way) to their work. In Stuttgart, for 
example, the growth of commuting has put a 
great burden on the Bundesbahn, which needs 
twice as much rolling stock as before the war 
to cope with this short-distance passenger traf- 
fic at minimum fares. The big increase in road 
traffic adds greatly to the financial burden on 
the Land in maintaining roads to and from the 
city. Rapid growth of industry has now 
exceeded the existing water supply. Thousands 
of commuters need houses urgently. 

For these various reasons, belated measures 
are now being taken to check the growth of the 
city by encouraging new and smaller plants to 
locate in the small towns in the country, so 
that they may draw on workers from shorter 
distances by bus or bicycle. To live in a vil- 
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lage and travel up to one hour to one’s work 
in one of several nearby smaller urban center 
has developed as a normal part of the so¢ip, 
economic structure of various parts of Ger. 
many and this trend is being encouraged , 
sound community planning.”* 


*§ Special attention is drawn to the work of the 
Institut fiir Raumforschung in Bonn (Director Dr 
Erich Dittrich) and the Akademie fiir Raumforschun: 
und Landesplanung in Hanover (Director, Dr. Lor 
Briining). Among the many publications sponsore! 
by these two organizations, of particular importance: 
in this field are the periodical Raumforschung un 
Raumordnung (quarterly) and the Deutsche Plo, 
ungsatlas that is in process of publication as separate 
sheets eventually to comprise a ten-volume sume 
The Bundesamt fiir Landeskunde ( Director, Dr, Emi 
Meynen) cooperates with these two bodies and 
responsible for maps, including that of Pendelwander. 
ung discussed here, and a series of exhaustive systen- 
atic studies of the Kreise of Germany. 
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LETTERS AND COMMENTS ON ANNALS TOPICS 


“THE CURVE OF THE GREY SPECTRUM”: 


In the June 1958 issue of the Annals, Robert 
Lee Williams reported some of the results of 
his investigations into the visual characteristics 
of map symbols. His paper was abstracted 
from the report of a broader study he made 
with the aid of the Office of Naval Research.* 

The Annals article presented a graph on 
“he curve of the grey spectrum” and Wil- 
liams drew several conclusions concerning this 
curve I think considerable question can be 
raised concerning his procedure, and hence 
some of his conclusions. Furthermore, I do not 
believe his testing is adequate for its stated 
purpose, viz., the selection of value screens for 
map use. Finally, I believe the most signifi- 
cant cartographic aspect of the test results is 
their variability. These were not reported in 
the Annals article. I shall begin with two of 
his conclusions. 


CONCLUSION NO. 1 


Williams states that: 

“1. Fechner’s law is not applicable to equal- 

appearing intervals of a grey scale. The plot of the 

grey spectrum on a logarithmic scale is not a 

straight line, but rather a curve increasing in steep- 

ness toward the blacks.” 
I believe his analytical procedure is in error 
and this conclusion is unjustified. 

The Weber-Fechner or Fechner’s “law” 
states that the reaction to the grey scale 
(value), ie., the sensation, varies logarithmic- 
ally with changes in the stimulus (reflect- 
ance). In analyzing test results the observed 
value sensations must be equated with reflect- 
ance determinations. “Black” ink and “white” 
paper constituted the components which 
together produced the stimulus in Williams’ 
tests. It is inconceivable that the “black” ink 
was really black (reflectance = 0) or that the 
white paper was really white (reflectance = 
100). Designating the solid black as 0 and the 

‘Robert Lee Williams, “Map Symbols: Equal- 
Appearing Intervals for Printed Screens,” Annals, 
Association of American Geographers, Vol. 48 (1958), 
pp. 132-39, 

*ONR Project No. NR 088-006 NONR 609(03), 
“Statistical Symbols for Maps: Their Design and 
Relative Values,” Map Laboratory, Yale University, 
New Haven, 1956, 

* Annals, op. cit., p. 139. 


A REVIEW 


white paper as 100 reflectance distorts the 
results. 

Investigations similar to Williams’ are re- 
ported in a small separate published by the 
American Geographical Society and the Popu- 
lation Association of America.* In the contri- 
bution by Lloyd A. Jones is given a scale of 
reflectances derived from the Weber-Fechner 
“law” ranging from black ink (6.2 reflectance ) 
to white paper (70.4 reflectance) as follows: 








Value 
series: 

Reflect- 
ance: 


0 (white) 20 40 60 80 100 (black) 





70.4 43.2 26.6 16.4 10.0 6.2 





This reflectance series when plotted on semi- 
logarithmic paper produces a straight line. 
When this reflectance series is transformed 
linearly to a percent-ink scale, the curve 
produced by the plotted points is naturally 
changed. The approximate linear conversion 
from a scale of 70.4-6.2 reflectance to a 0-100 
percent ink is given by % ink = 1.56 (70.4- R) 
in which R is the reflectance value in question. 
The conversion results are shown in the table 
below: 








Value 
series: 

Reflect- 
ance: 70.4 


0 (white) 20 40 60 80 100 (black) 





43.2 26.6 16.4 10.0 6.2 





Percent 
ink: 42.4 68.2 84.0 94.0 100 





These percent ink values are plotted on Figure 
1, which is a copy of Williams’ graph. It may 
be seen that the curves are similar. Because 
Williams recorded his test results in percent 
ink rather than reflectance terms, this pro- 
duced a “built-in” linear transformation which 
naturally produced a curve on a logarithmic 
scale. Consequently, because “the plot of the 
grey spectrum... is . . . a curve” is no evi- 
dence that Fechner’s law is not applicable. 

* John K. Wright, et al., “Notes on Statistical Map- 
ping, with Special Reference to the Mapping of Popu- 
lation Phenomena,” American Geographical Society 
and Population Association of America, 1938. 
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Fic. 1. 


Williams’ “curve of the grey spectrum” (1) compared with (2) a Weber-Fechner reflectance curv 


which has been transformed linearly to a percent-ink scale. 


CONCLUSION NO. 3 

Williams states that: 

“3. Whether the end points of a grey scale are 

white, black, or tones of grey, even-appearing steps 

between these end points will fall on the curve of 

the grey spectrum.” 
I believe this is too strong an assertion and 
largely applicable only to the test situation. 

Figure 1 shows that Williams’ curve is 
shifted toward the light end of the x-axis from 
the theoretical Weber-Fechner curve, i.e., it 
takes less ink on Williams’ curve to produce a 
value of 20 on a value scale ranging from 
0-100. The reflectance of the background 
field against which subjects judge a value scale 
has a marked effect upon the results, as is 
clearly shown in the reports of a series of tests 
on the same subject.” In his tests Williams 

2” X 11” sheet of “white” 


*A. E. O. Munsell, L. L. Sloan, and I. H. Godlove, 
“Neutral Value Scales. I. Munsell Neutral Value 
Scale,” Journal of the Optical Society of America, Vol. 
23 (1933), pp. 394-411, and IL. H. Codlove, “Neutral 


paper on which relatively small printed stamps 
were to be pasted.® Because he used such 
a high-value background field it is to be 
expected that the results would be modified 
by the well-known effects of induction. When 
stamps of a considerably lighter ink (yellow 
were used the resulting curve shifted toward 
the dark end of the x-axis as shown in one of 
his graphs.*. Assuming the general shape o 
Williams’ curve to be reasonable (and it 
seems to be since it has characteristics simila 
to the Fechner relationship ), I think its posi 
tion on the graph is open to question because 
of the physical nature of the tests. 


THE ADEQUACY OF THE TESTING PROCEDURE 
The determination of (1) the sensitivity 0 


Value Scales. II. A Comparison of Results and Eque 
tions Describing Value Scales,” ibid., p. 419-25. 
®See Fig. 95 (opposite p. 94) in “Statistical Syn- 
bols...,” ONR Report, op. cit. 
7 Williams, Annals, op. cit., p. 138, Fig. 7. 
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Fic. 2. 
of the standard deviation of one series of his tests. 


the human eye to value changes and (2) 
how people react to value symbols on maps 
require markedly different techniques. For 
the first, one must control rigorously all the 
variables, such as distance and character of 
the illuminant, reflectance of the background 
field, nature of the selection process, distance 
of viewing in the tests, pre-test accommoda- 
tion, character of the testing material, and so 
on. When this is done the variability of the 
results is small. That is to say, human eyes 
seem to be pretty much alike with respect to 
sensitivity to reflectance changes. 

Very broadly speaking, such an investigation 
must remove, as far as possible, any intel- 
lectual reactions and study only the physical 
reactions, in the manner that one would study 
the effect of the ingestion of an ounce of 
alcohol on body reactions. To investigate, on 
the other hand, peoples’ reaction to highballs 
is a far more complex undertaking because 
here not only is the physical reaction of the 


*See for example, Munsell et al., op. cit. 


Williams’ “curve of the grey spectrum,” on both sides of which have been plotted the value range 


body involved, but a whole host of other con- 
siderations as well, such as inhibitions, sur- 
roundings, moral codes, time of day, how the 
kids behave, and obviously many others too 
numerous to mention. Clearly a large sample 
would be necessary and even then the results 
may be expected to show a high degree of 
variability. Williams’ tests and results do not 
fit in either class; they are neither controlled 
enough for the former® nor extensive enough 
for the latter. 

Maps are very complicated things, visually 
speaking, and they vary in many ways: sizes 
of screened areas vary, shapes are different, 
the juxtaposition of different value areas is 
common, line weights and lettering vary, 
reflectance of paper and ink vary, and so on. 
To generalize concerning map symbolization 
from the results of testing 50-60 sixth grade 
children, 23 cartography and 16 advanced 
design students, with non-map-like tests seems 
dangerous. 

» Ibid. 








THE VARIABILITY OF THE RESULTS 


The variability results of Williams’ tests 
clearly seem to have significance. Limited 
aspects were partially presented in the ONR 
Report but not at all in the Annals paper. 

In the ONR Report, as an illustration of the 
method he used in obtaining the values, Wil- 
liams included a graphical display of the 
results obtained from tests given to 47-50 sixth 
grade children in which they were to select 
four screens to given even visual steps from 
black to white."° As best I could from those 
data, I computed the standard deviations from 
the means of the answers for the four steps of 
the value scale. In terms of units of Williams’ 
scale of 0-100 for white to black the results 
are shown in the following table: 











Value 
step: 0 (white) 20 40 60 80 100 (black) 
S. Dev.: — 11.7 14.9 19.8 13.0 — 





Figure 2 shows these plotted on the “curve of 
the grey spectrum.”!! The wide range indi- 





10 ONR Report, “Statistical Symbols . . . ,” 
Fig. 96, p. 95. 

11 This is not an entirely correct procedure for these 
deviations are taken from the means of the results 
from the tests given only to the sixth-grade children, 
whereas the “curve of the grey spectrum” is based on 
the averaged medians of these and the other tests. The 
means of the sixth-grade results and the averaged 
medians are not quite the same. 


op. cit., 
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cates considerable variability, to say the | 
especially when one remembers that the rang 
shown by the shading on Figure 2 theoretical, 
includes only two-thirds of all the results 
they were normally distributed. 

If his other tests show a similar range ¢ 
variability, then these facts are definitely sig. 
nificant and should have been reported in thy 
Annals article. The effects of induction wit. 
in normal maps together with all the othe 
visual confusions to be expected from gy) 
visually complex things as maps can operate 
only to increase the probable range of variahjj. 
ity among map readers in their reactions t 
the relative values of the printed screens ysed 
on them. 

Abundant data are already available regard. 
ing the reaction of the eye to reflectance varia. 
tions; we have little or none regarding the 
variability of reactions to maps. It may well 
be that Williams’ data on this subject are the 
most significant of his results. If the above 
deviations, are characteristic then it indicates 
an important relationship between this type of 
cartographic research and its application; 
although such generalizations must be rigor- 
ously derived, they can hardly be rigorously 
applied. Cartography will continue to be a 
art as well as a science! 


ARTHUR H. Rosinson 
University of Wisconsin 
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CHARLES F. BROOKS, 1891-1958 






S. VAN VALKENBURG 
Clark University 


ig ome F. BROOKS was born in 1891 in 


Minnesota. As a student he attended the 
University of Illinois but after one year he 
moved to Harvard where he worked under 
D.C. Ward, and in 1914 he received his Ph.D. 
degree—at the age of 23. He taught at Yale 
(1915-18 ) where he was also editor of the 
Monthly Weather Review (1918-21). 

When the Graduate School of Geography at 
Clark University started in 1921, Dr. Wallace 
W. Atwood selected C. F. Brooks as his choice 
for the professorship in Climatology. The 
choice was a logical one as Dr. Brooks was at 


| that time recognized as the leading younger 


man in that field. The appointment proved to 
be most successful as Charles F. Brooks com- 
bined high scholarly standing with a profound 
interest in his students. These two personali- 
ties, the scholar and the human man, typify 
his life; in both he ranked among the highest. 
He stayed at Clark for ten years; while there 
he had a great influence on his students, 
inspiring in them a love for climate and 
weather. Many of them helped him collect 
material for the North America volume of the 
Koeppen Handbook of Climatology, still a 
standard publication. 

He was a born climatologist. For him cli- 
mate was a challenge that he met with all the 
power of a brilliant mind. The story goes that 
as a boy his rates for seasonal snow shoveling 
were based on the average number of storms 
in Minnesota. During his professorship at 
Clark, he was once arrested while taking tem- 
peratures above a brook on a cold winter night 
and booked as a suspicious person. President 
Atwood had to come to his rescue. 

In 1931 he went back to his alma mater, as 
Professor of Meteorology and Director of the 
Blue Hill Meteorological Observatory. Under 
his leadership the Observatory regained its 
international reputation. Many were the proj- 
ects he sponsored. The best-known was the 
re-establishment on the summit of Mt. Wash- 
ington of a weather observatory which became 
one of the chief bases for forecasting; scien- 
tists at the station did much valuable work 
in an observational program which, among 
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others, included a study of the liquid water 
content and icing rate of clouds. 

A great deal of his time at Blue Hill was 
spent on the improvement of instruments and 
methods of observation. Every time anyone 
visited the observatory, he had something new 
to show. It was he who developed the Ameri- 
can chronometric radiosonde at Blue Hill. He 
was one of the contributors of the Interna- 
tional Cloud Atlas and was an active member 
of the Commission on Instruments and Meth- 
ods of Observation of the World Meteorologi- 
cal Organization. His writings on the changes 
of weather which occur during an eclipse 
(based on the eclipse of 1930) were impor- 
tant; and he did significant research on hurri- 
canes. Snow was his specialty, especially as 
far as New England was concerned. 

Dr. Brooks also lectured many times to aca- 
demic and non-academic audiences. His talks 
to the graduate students at Clark University, 
when he came as a guest speaker, were always 
highlights of the year. His A.A.G. presidential 
address, given at the University of Virginia in 
1947, entitled “The Climatic Record—Its Con- 
tents, Limitations, and Geographic Value,” 
was excellent. It will be read by geographers 
for many years. On the popular side he gave 
radio talks on weather; and almost no outing 
took place without his first being asked for a 
weather forecast. 

An important factor in any evaluation of 
Charles F. Brooks is that of the man himself. 
Kindness, modesty and patience were probably 
his outstanding qualities; he was kind to all 
who came in contact with him, modest about 
his own achievements and patient to explain 
to others what was simple to him but difficult 
for them. His courses had the reputation of 
being difficult, but for those who worked hard 
he was an enormous source of knowledge. He 
was liked by all who got to know him. He 
had a good word for everyone, even for those 
who had failed. The high reputation of the 
Blue Hill Observatory was not only the result 
of his value as a scholar but also of the man 
who inspired his staff and was loved by them. 
He was always willing to help—to answer a 
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letter from a schoolboy or to discuss intricate 
roblems with students who came to see him, 

often sent by other universities. In his crowded 
life he never said he had no time. 

His family was an important part of Brooks’s 
life. His was a happy marriage and his home a 
wonderful place for children to grow up in. 
Later came pride in the achievement of his 
children. His two sons and five daughters all 
taught or did research. Among them they 
had eighteen college degrees including three 
Ph.D.’s; two are now college professors. 

Charles F. Brooks was a sincere Quaker in 
his religious beliefs. At the time of the Second 
World War his religion posed a difficult deci- 
sion. He didn’t want to break the Quaker 
principle of not being involved in killing, but 
nevertheless he worked for the government on 
problems of climatic research. No doubt he 
saved human lives through his expert knowl- 
edge of climatic dangers in various areas. 

That was Charles F. Brooks—leader in his 
field, teacher, but also the man who gave 
friendship and inspiration to others. His was 
a good life and a productive one. For those 
who knew him well his death came as a great 
shock; for all geographers, American and 
foreign, it was a great loss. He will be long 
remembered. 

The relatively short list of publications that 
accompanies this memorial falls far short of 
doing justice to Brooks’s contributions in writ- 
ing. The complete list is very long—during 
the period 1913-31, for which the record is 
fairly complete, there are some 450 items, 
many of them short but all interesting and to 
the point. 
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“Climatic Maps of North America” (with A. J. Connor 
and others). A folio of 26 maps published by 
Harvard University in 1936 with one more added 
in 1941. 

“Forests and Floods in New Hampshire” (with H. I. 
Baldwin), New England Regional Planning Com- 
mittee Publication 47, Boston, 1936, 28 pp. 
( mimeographed ). 

“The Climates of North America” (with R. DeC. 
Ward), Koeppen-Geiger Handbuch der Klimatol- 
ogie, Part J, Vol. 2 (1936), including maps, dia- 
grams, tables and bibliography. 

“The Need for International Standards in the Meas- 
urement of Precipitation, Snowfall, and Snow- 
Cover,” Transactions of International Committee 
of Snow and Claciers, Edinburgh, Sept. 1936, in 
International Association of Hydrology Bulletin 
23, 1938, pp. 1-52. 

“The Meteorological Causes of Great Floods in the 
Eastern United States” (with A, H. Thiessen), 
Ceographical Review, Vol. 27 (1937), pp. 269- 
9); reprinted in Smithsonian Report for 1938, pp. 
325-44 


“How Forests Retard Floods” (with H, I, Baldwi 
American Forests, June 1937, 6 pp.; hi on 
densed in Conservation, Vol. 3 (1937), pp. a4 

“Hurricanes into New England, Meteorology Of th 
Storm of September 21, 1938,” Geographical Be 
view, Vol. 29 (1939), pp. 119-27; reprinted wit 
additions in The Smithsonian Report for 1939» 
241-51. f 

“On Maximum Snowfalls,” Bulletin of the Americg 
Meteorological Society, Vol. 19 (1938), z 

“Introduction to Some American Papers and Notes » 
Climatic Variations,” Report of the Americ 
Committee of the International Commission i 
Climatic Variations to the International Gq. 
graphical Congress, Amsterdam, July 1938, Bul). 
tin of American Meteorological Society, Vol, \y 
(1938), p. 161. 

“The Worst Weather in the World,” Appalachia, ¥« 
6 (1940), pp. 194-206. Reprinted in 1945 }, 
Quartermaster School, Camp Lee, Virginia, fo; 
climatic clothing and equipment course. 

“Some Remarkable Features of the Past Winter,” Bly 
Hill Notes, 1940, No. 7; reprinted in Bulletin oj 
American Meteorological Society, Vol. 21 (1949). 
pp. 157-62; and in Transactions of American Ge. 
physical Union, 1940. 

“Hubert on the African Origin of the Hurricane of 
Septentber 1938,” Transactions of American Ge- 
physical Union, 1940, pp. 251-53. 

“A Stormy Autumn,” Blue Hill Notes, 1940, No. §: 
reprinted in part—“The Great Wind and Blizzard 
on Armistice Day,” Bulletin of American Meteon- 
logical Society, Vol. 21 (1940), pp. 433-44. 

“The Measurement of Snowfall with Shielded Gages,” 
Proceedings of the Central Snow Conference, 
1942, pp. 193-95; abstract in Blue Hill Notes, 
1942, No. 10. 

“Some North American Connections of Caribbean 
Climate,” Proceedings of the 8th American Scien- 
tific Congress, Vol. 7 (1942), pp. 297-311. 

“Cloudiness and Sunshine in New England” (with W 
B. Liverance, Jr.), Bulletin of American Meteor- 
logical Society, Vol. 24 (1943), pp. 263-74. 

“The New England Hurricane of September 1944’ 
(with C. C. Chapman), Geographical Review, 
Vol. 35 (1945), pp. 132-36; reprinted in The 
Smithsonian Report for 1945, pp. 235-46. 

“Robert DeCourcy Ward,” Bulletin of America 
Meteorological Society, Vol. 26 (1945), p. 235 

“Water Loss from the Respiratory Tract in the Sub- 
Tropics.” Science, 1946, p. 281; abstract in Bulle- 
tin of American Meteorological Society, Vol. 2, 
1946, pp. 608-09. 

“Sunshine Recorders: A Comparative Study of the 
Burning Glass and Thermometric Systems” (with 
E. S. Brooks), Journal of Meteorology, Vol. 4 
(1947), pp. 105-15; Vol. 5, p. 38. 

“Recommended Climatological Networks,” Transoc- 
tions of American Geophysical Union, Vol. 3 
(1947), pp. 485-86. 

“The Climatic Record: Its Content, Limitations an’ 
Geographic Value,” Annals, Association of Amen 
can Geographers, Vol. 38 (1948), pp. 153-68. 

“Forecasting Heavy Snowstorms at Blue Hill [Bostos, 





Decembe; 


" Baldwin 
3 also On. 
logy of the 
aphical fy. 
rinted with 
or 1939 » 


> Americar 
he 
d Notes oy 
America: 
Mission ¢ 
ional Ge. 
938, Bull. 
'y, Vol. 19 


achia, Vol 
n 1945 by 
Tginia, for 
e, 
ater,” Blu 
Bulletin 0} 
11 (1940), 
rican Geo. 


Tricane of 
rican Geo- 


0, No. 8: 
d Blizzard 
| Meteoro- 
44, 

d Gages,” 
nference, 
ill Notes 


Saribbean 
an Scien- 
311, 
(with W 
Meteoro- 
-74, 
er 1944 
Revieu 
| in The 
—46, 
American 
_ p. 235 
the Sub- 
in Bulle- 


Vol. 27 


y of the 
5” (with 
Vol. 4 


T'ransac- 
Vol. 


ons and 
F Ameri 
[ Boston, 


Cuar.es F. Brooks, 1891-1958 465 
1959 


, : wa 
h I. I. Schell), Bulletin of Ameri- Observatory, Gorham, N. H., Bulletin No. 28, 
Mass.]” (with I. I. : ‘ 


‘i } . , 1955, pp. 9-10. ns 
can Meteorologic al Society, Vol. 31 (1950), pp The Mt. Washington Observatory Weatherwise, Vol. 
= 63-67. P hoses aig jervaton 
meal on ‘Snow Crystals,” Mt. Washington 9 (1956), No. 5, pp. 15 
“Forecastin i j 





REVIEW ARTICLES 


LIMNOLOGY: 


The realm of science is never static. Shifting 
trends or needs continually open additional 
avenues for investigation, and scholars are 
almost overwhelmed by a succession of “new” 
disciplines, each claiming admission to the 
association of recognized scientific fields. 
Usually, the new arrival is less an addition to 
the old established association than it is a 
refinement or outgrowth of some major dis- 
cipline. This has never been more apparent 
than in recent years. Stimulated by the Inter- 
national Geophysical Year and compelled by 
military need, investigators have evinced a 
new and intense interest in hitherto neglected 
fields of research. Witness recent progress in 
oceanographic studies or the so-called race to 
outer space with its consequent advances in 
upper atmosphere and space research. Other 
academic fields have been all but buried under 
an avalanche of “micro-sciences.” In the course 
of increased specialization, however, a corre- 
sponding increase in interdisciplinary studies 
has become apparent. While some scholars 
lament that they are “learning more and more 
about less and less,” many are in fact becom- 
ing more expert in related fields than were 
their predecessors. The naturalist, that remark- 
able and enviable scholar of another era, has, 
to be sure, been lost to us in the vastness of 
modern science, but the same drives and curi- 
osities that impelled him are not unfamiliar 
to contemporary scientists. The naturalist’s 
modern-day counterpart often occupies those 
niches that permit the greatest latitude of 
movement from one discipline to another 
among the ecological and environmental sci- 
ences, such as archeology, geobotany, geogra- 
phy, and plant or animal ecology, and new 
problems encourage the bridging of gaps 
between the physical, chemical, and biological 
sciences, 

Among the fields that cut across the spectrum 
of major sciences is limnology, the study of 
physical, chemical, biological, and meteorologi- 
cal conditions in lakes, a field in which the 
scholar may specialize and at the same time 
enjoy the pleasures of interdisciplinary investi- 
gation. It is, therefore, a matter of significance 


ITS GROWTH AND EVOLUTION 


that this young science has recently achieve 
stature and recognition in the American ac, 
demic community, as evidenced by the regen; 
appearance of two publications, in 1956 th 
journal Limnology and Oceanography? and jn 
1957 A Treatise on Limnology by G. Evely 
Hutchinson’; the former because it reflects the 
growing publication needs of American lim. 
nology, the latter because it is a symbol of 
academic maturity and accomplishment, 4 
occasional intervals during the evolution of ; 
discipline, the subject must be given new statys 
and definition by way of a scholarly statement 
of method and content. Professor Hutchinson 
has accomplished this for physical limnology in 
the first volume of his treatise, which deals with 
the geography, physics, and chemistry of lakes 
He has not, however, written a methodological 
tome. His primary intent is to “give as com 
plete an account as is possible of the event 
characteristically occurring in lakes.”* This 
objective is achieved in an outstanding fashion. 
His detailed and comprehensive treatment of 
the physical characteristics of lakes is defini- 
tive and should appeal to a wide range of 
scholars. That the book supersedes most earlier 
European works is incidental, except for the 
fact that it is the first major American limno 
logical treatise to belong in such august com- 
pany. It can be expected that Volume II, deal- 
ing with biological and ecological factors, wil 
amplify and confirm these beliefs. 


HISTORY AND DEVELOPMENT OF LIMNOLOGCY 


The study of lakes is not, of course, some- 
thing new. Limnology has been developing « 
an independent discipline for about nine} 
years. Until recently, however, it seemed to be 
simply a convenient depository for geological 
hydrological, and particularly biological infor 
mation regarding lakes. Its sister sciences 

Limnology and Oceanography, published quarterly 
at Baltimore by the American Society of Limnology 
and Oceanography. $10 per year. 

*G, Evelyn Hutchinson, A Treatise on Limnology 
Volume 1: Geography, Physics, and Chemistry (Ne 
York; John Wiley and Sons, 1957). xvii and 1015 pp 
Maps, illustrations, bibliography, indices. 6 % ? 
$19.50, 

‘ [hid., p, ix. 
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the hydrosphere, hydrology and oceanography, 
| meanwhile developed more rapidly. At least 
} three factors contributed to this uneven 


owth. Most important perhaps was the fact 
that limnology is a generically contrived sci- 


} ence; that is, the common denominator of all 
' Jimnological studies is simply a single land- 


form, the Take. Only a few other subjects 
(eg., glaciology ) are so tenuously justified. It 
is therefore not surprising that considerable 
lake research has been carried out under the 
aegis of biology, geology, chemistry, or phys- 
ics. Many limnologists would in fact claim 
that biology is at the core of the subject and 
that “‘limnology is essentially a synthetic sci- 
ence composed of elements some of which 
extend beyond the limits of biology as ordi- 
narily conceived.”* This is sensible, since most 
limnologists are primarily interested in the bio- 
logical aspects of the subject, but it does not 
negate the apparent focus on lakes and other 
Even the name 
‘limnology” reveals this accent, being taken 
from the Greek limné meaning lake, pond, or 
marsh. Secondly, there has been less need, or 
less realization of the need, for the jorganized, 
investigation of lakes. Hydrology developed 
quickly because of human requirements. Water 
supply, flood control, irrigation, and naviga- 
tion were only a few of the problems that 
demanded the early and thorough study of our 
rivers and streams. The normal utilization of 
our lakes presented less complex engineering 
problems, and research suffered accordingly. 
Finally, some phases of limnology, and espe- 
cially of oceanography, have been dependent 
upon technology to provide the tools and 
means for sub-surface investigation. In this 
respect, technology is just beginning to catch 
up with research needs. 

Oc’ us were already the object of well- 
ory sized research when the first limnological 
papers appeared during the mid-19th century. 
The era of exploration and discovery had 
ended for the most part and the subsequent 
period of surveys was about to reach its cli- 
max in Wyville Thomson’s Challenger expedi- 
tions. In 1873 and 1876, the Challenger 
traversed the Atlantic Ocean over a distance 
of 69,000 nautical miles and established 362 


*P. S. Welch, Limnology (New York: MeGraw- 
Hill, 1952), p. 10. 
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observation stations. At each station, the exact 
depth was determined, bottom sediments 
were collected, temperature and currents were 
plotted for various levels, water was analyzed 
for physical and chemical properties, fauna 
were collected and classified, and atmospheric 
conditions were carefully recorded. Here then 
was an important point of departure not only 
for modern oceanography, but for limnology 
as well. These techniques were equally useful 
in the study of lakes and were quickly 
absorbed into the framework of limnology. In 
fact, limnology and oceanography have so 
much in common that advances in one have 
frequently figured prominently in the progress 
of the other. 

Credit for the founding of limnology as a 
distinct scientific field is generally given to 
F. A. Forel, a professor at the University of 
Lausanne. Beginning with his Instruction a 
[étude de la fauna profonde du Léman in 
1869,° Forel published more than 100 limno- 
logical papers before his death in 1912. Others 
helped lay the foundation of limnology, notably 
P. E. Miiller who discovered fresh-water 
plankton, Simony who discovered thermal 
stratification, and Agassiz who laid the foun- 
dations for the geomorphological study of 
lakes, but it was Forel who first realized the 
biological opportunities in lake investigation. 
His three-volume Le Léman: Monographie 
limnologique* was not only the first major lim- 
nological treatise, but also the model for much 
subsequent work. A host of others soon fol- 
lowed in Forel’s footsteps, and by 1910 Chum- 
ley was able to compile a bibliography of 
limnological literature containing over 2,900 
entries.* Fresh-water biological stations were 
established throughout the Western World, 
and a growing group of scholars became inter- 
ested in the subject. 

Any attempt to trace the early and subse- 
quent growth of limnology would be impos- 


* Sir C. Wyville Thomson, The Voyage of the Chal- 
lenger (2 vols; New York: Harper and Brothers, 
1878). 

®*F, A. Forel, “Instruction a étude de la fauna 
profonde du Léman,” Bulletin, Societe Vaudoise Sei- 
ences Naturelles, Vol. 10 (1869), pp. 271-79. 

™F. A. Forel, Le Léman: Monographie limenolo- 
gique (3 vols.; Lausanne, 1892, 1895, 1904). 

*James Chumley, “Bibliography of Limnological 
Literature,” Bathymetric Survey of Scottish Fresh 
Water Lochs, Vol, 1 (Edinburgh: Challenger Office, 
1910), pp. 630-753, 
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sible within the limits of this paper. Scholars 
from all fields contributed to the growing col- 
lection of knowledge. Physicists delved into 
problems of hydrodynamics, optics, and ther- 
modynamics, chemists deciphered the chemi- 
cal cycles in lake waters, and geologists or 
geographers explained the hydrological cycle 
and water balance of lakes as well as the origin 
of the lake basins. Occasionally, however, this 
expanding body of knowledge was pulled 
together and presented in comprehensive lim- 
nological treatises. Murray® did this in the 
course of his exhaustive study of the Scottish 
lochs, bringing to his study the methodology 
of the oceanographer and _hydrographer, 
not to mention the Englishman’s disposition 
towards surveying; four of his six volumes are 
filled with bathymetric maps of the Scottish 
lochs. This represented an important contribu- 
tion, and his chapter on the characteristics and 
distribution of lakes is an excellent summary 
of research up to that date. In 1923, Halbfass 
published his treatise on the geography, 
physics, and chemistry of lakes, Grundziige 
einer vergleichenden Seenkunde.’° This work 
remained a definitive limnological reference 
until the publication of Hutchinson’s volume. 
American limnologists were active meanwhile, 
especially in the Great Lakes region. Encour- 
aged by federal and state research programs, 
they investigated water supply and fishery 
problems in addition to their normal academic 
interests. Much of this work has been sum- 
marized by Welch in his textbook, Limnol- 
ogy." Finally, Hutchinson produced his vol- 
ume, the most detailed and comprehensive 
treatment of physical limnology to date. 


PHYSICAL FRAMEWORK OF LIMNOLOGY 


The first chapter of Professor Hutchinson's 
book, dealing with the origin and classifica- 
tion of lake basins, should hold special interest 
for geographers. In it he lists 76 types of lake 
basins according to their mode of origin and 
describes outstanding examples from all parts 
of the world. It is easily the most detailed and 
informative treatment of this broad subject to 
be found in the literature. Surprisingly, geog- 


* Sir Jom Murray and Lawrence Pullar, Bathymet- 
ric Survey of the Scottish Fresh Water Lochs (6 vols.; 
Edinburgh: Challenger Office, 1910), 


“WW. Halbfass, Crundztige einer vergleichenden 
Seenkunde ( Kerlin: Borntraeger, 1923), 
**P. 8. Welch, op. ctt., 1952.. 
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raphers and geologists have made few contr. 
butions of late to the problem of lake lagi, 
cation, and it remained for a biologist to bring 
the matter up to date. Perhaps contemporan 
earth scientists have felt less need to Categoriz 
lakes, treating them as by-products of more per 
tinent processes, whereas the limnologis 
requires this physical reference in which j 
frame his subject. In any event, most of 
the actual morphological research has bee 
accomplished by geographers or geologists anj 
Hutchinson relies heavily on them to explain 
or describe the various processes of lake fo. 
mation. 

It was William Morris Davis who firy 
attempted a formal classification of lakes, |) 
a paper presented before the Boston Society of 
Natural History in 1882,'* he grouped th 
many varieties of lakes under three headings: 
constructive, obstructive, and destructive, This 
roughly generic grouping was rather artificial 
and tended to obscure the major region 
processes by which lakes are formed. Thus, as 
Hutchinson points out, “Glacial action may 
form a basin by destruction as in the case of 
the evacuation of a cirque lake, or by obstruc- 
tion, as when a valley is dammed by a 
moraine.”'* Supan" later used the same essen- 
tial divisions, but changed the nomenclature 
slightly. He named only two orders of lake 
basins, those formed by obstruction and those 
formed in rock in place. The latter category 
was subdivided to include basins of evacu- 
tion and basins created by internal forces such 
as vulcanism or tectonics. As late as 1935, 
Collet'® was using this same system in modi- 
fied form and discussed lakes formed by 
glacial action under three separate categories 
Davis himself soon recognized that his classi- 
fication was unsatisfactory and suggested 
new one in 1887.'° By demonstrating the rela- 
tionships of lake basins to the development o 
drainage patterns, he hoped to classify them 
in terms of the geomorphologic cycle. Thus, 


12 William Morris Davis, “On the Classification 
Lake Basins,” Proceedings of the Boston Society 0 
Natural History, Vol. 21 (1882), pp. 315-81. 

“Hutchinson,op. cit., 1957, p. 2. 

4 Alexandre Supan, Grundziige der physischen En- 
kunde (Leipzig: Von Veit, 1896). 

1° Leon W. Collet, Les Lacs: Leur mode de forms 
tion—leurs eaux—leur destin (Paris: Doin, 1925). 

‘6 William Morris Davis, “On the Classification of 
Lake Basins,” Science, Vol. 10 (September, 1887), 
pp. 142-43. 
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| immature landscapes would be characterized 


by numerous lakes, and few basins would 
interrupt the mature landscape. Old age was 
incorrectly interpreted as a period of total lake 
or pond disappearance. This was completely 
unworkable as a formal classification for the 
world’s lakes, but it did represent a significant 
forward step in geographical thinking. For the 
first time, it was clearly set forth that lakes 
are impermanent features of the earth’s sur- 
face and that they come and go during dif- 
ferent stages of topographic development. 
Needless to say, these basic themes reappeared 
frequently in Davis’ subsequent writings. 

Albrecht Penck'’ and Israel Russell'* must 
be credited with the formulation of a useful 
classification for lake basins. Both realized 
that lake types are formed by various natural 
agencies, such as glaciers, earth movements, or 
chemical action, and classified them accord- 
ingly, Lakes thus could be considered genet- 
ically in terms of the processes that formed 
them. At the same time, a regional view was 
achieved since most processes tend to localize 
in particular topographic scenes. The same 
system has since been used, intact or in modi- 
fied form, by most limnologists, including 
Hutchinson. The advantage of Hutchinson’s 
adaption is that he has not only presented 
interesting, well-documented examples of each 
lake type, but that he has also expanded the 
dassification to its most comprehensive form. 
Lakes are first separated according to the 
eleven processes by which they are formed. 
These categories are then divided into the sev- 
eral lake types associated with each process. 
Lakes formed by landslides, for example, are 
divided into lakes held by landslide dams, 
lakes on the irregular surface of landslides, and 
lakes held by scree dams formed by prolonged 
rockfall. Seventy-six such types are listed. In 
addition, the types are occasionally redivided 
where further refinement is deemed necessary. 
Thus, lakes held by landslide dams may be 
rockslide or mudflow sub-types. Thirty-six 
sub-types are recognized. Altogether, the sys- 
tem is intelligently conceived and represents 
an important methodological contribution. 

Useful as a classification of lakes may seem, 
it only partially succeeds in describing lake 

* Albrecht Penck, Morphologie der Erdoberfliche 
(2 vols.; Stuttgart: Engelhorn, 1894). 


2 Israel C. Russell, Lakes of North America (Bos- 
ton: Ginn and Company, 1895). 


basins. Lakes, after all, occur in diverse shapes 
and sizes, characteristics which are often inde- 
pendent of their mode of origin. Compare for 
example Lake Baikal and the Dead Sea, both 
of which lie in grabens. Also, the morphology 
of a basin may be appreciably altered by 
events subsequent to lake formation. Wave 
action, sedimentation, and chemical precipita- 
tion are typical of the processes that might 
change the configuration and dimensions of a 
lake. The primary method of recording these 
characteristics is the bathymetric map. Ordi- 
nary surveying methods are employed to plot 
ground control and surface features, and 
hydrographic techniques are used for subsur- 
face measurements. Welch has described 
the procedures for bathymetric mapping in 
Limnological Methods,’® but his treatment 
adds little to that in standard surveying texts. 


LIMNOLOGY AND THE GEOGRAPHER 


Although geographers are frequently con- 
cerned with the geomorphological and carto- 
graphical aspects of limnology, they are not as 
a general rule interested in the myriad biologi- 
cal, physical, and chemical problems which 
constitute the core of limnological research. 
These subjects can be extremely technical and 
esoteric, especially for those who, like this 
writer, are easily intimidated by higher mathe- 
matics or chemistry. There are, nevertheless, 
topics of common interest to the geographer 
and limnologist where either discipline can be 
a valuable adjunct to the other. The study of 
climatology and water balance is a case in 
point. Lake levels usually fluctuate as a direc 
or indirect response to climatic conditions, 
since local or regional patterns of temperature, 
precipitation, and evaporation effectively con- 
trol the amount of moisture available at or 
below the earth’s surface. Even the deepest 
aquifers are undoubtedly so influenced over 
long periods of time. If the lake watershed 
and/or the lake surface extends over a large 
area, these controls are particularly significant. 
Additionally, topographic, edaphic, biotic, 
pyric, and anthropeic factors influence the rate 
and seasonality of fluctuations. Limnologists 
are aware of these associations and have treated 
them at some length, but they do not seem to 
have fully exploited the wealth of geographical 


"PS. Welch, Limnelogical Methods (Philadel 
phia: Blakiston, 1948), 
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literature concerning the subject. Physical 
geographers, on the other hand, have been 
equally remiss, frequently ignoring the cause 
and effect relationships that exist between 
lakes and climate. Only one recent geographi- 
cal paper that is precisely concerned with this 
subject comes to mind,” although there have 
been several general treatments in geographical 
textbooks. There are, however, ample oppor- 
tunities for increased interdisciplinary research 
in this field. The interactions of small lakes or 
lake districts might, for example, be a reward- 
ing subject. 

The values of limnology are not restricted to 
the realm of physical geography. Cultural 
geographers as well can be expected to find an 
increasing need for limnological information. 
This_is a water-conscious era, and geography 
has become a water-conscious science. The 
requirements of regional planning and eco- 
nomic viability demand it, but if the major 
emphasis has been directed towards the proper 
utilization of rivers, it also is expanding to 
include lakes. The impact of lakes on human 
activities cannot be ignored.. They have been 
cultural foci since the Swiss Lake Dweller and 
Dead Sea civilizations and continue to be so. 
They provide man with food, water, transpor- 
tation, recreation, and other functional needs. 
Geographers have played this theme for years, 
but they have had little need or desire to 
amplify it by way of limnological correlation. 
Now, as the problems of population and settle- 
ment and pollution grow, so should the geog- 
raphers’ interest in limnology. 


* Douglas B. Carter, “The Water Balance of the 
Lake Maracaibo Basin during 1946-1953,” Publica- 
tions in Climatology, Vol. 8 (Centerton, N.J.: Labora- 
tory of Climatology, 1955), pp. 209-27. 
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What then are the questions that might cop. 
cern geographers? In his chapter op the 
anthropogeography of lakes, Halbfass 
gested several—for example, fishing, 
tation, and recreation—but his approach was 
essentially descriptive.” Still, there is consiq 
erable descriptive information that sho 
interest geographers, among others the infh, 
ence of seiches and catastrophically-draining 
lakes on human occupance. In a more prac 
tical sense, students of economic or resour 
geography must turn to limnology wha 
confronted with the decline of fresh wate 
fisheries, the outbreak of algal bloom in rege. 
ational waters, or the contamination of son 
important water supply. Or medical Seogre- 
phers may require detailed information 1 
explain the concentration or spread of som 
water-borne disease.** These problems cp. 
cern the geographer and deserve his attention, 
Conversely, man may build structures or canak 
which alter the ecology of a lake and subs. 
quently re-influence human activities. Th 
invasion of lampreys into the Great Lake 
is an outstanding example of this proces. 
Finally, it must be remembered that man has 
created thousands of artificial lakes, ranging 
from huge flood-control reservoirs to smal 
stock ponds. All of these represent new lake 
environments, fertile fields for the application 
of limnological developments to practicd 
problems of resource utilization and conserv. 
tion. 


Su. 


21 Halbfass, op. cit., pp. 303-34. 

22 Saul Jarcho and Anastaia Van Burkalow, “Th 
Geographical Study of Swimmers Itch in the United 
States and Canada,” Geographical Review, Vol. # 
(April, 1952), pp. 212-26. 

ME vin G. Marcus 
University of Chicago 
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SPATIAL STRUCTURE OF THE ECONOMY: II 


six important general studies of spatial 
structure were reviewed in Part I of this es- 
sav (see Annals, Vol. 49 [1959], pp. 232-39). 
Part II, the present discussion, and Part III 
will review developments since these studies 
were made. Part II will introduce the pro- 

amming methods used in many recent works 
and present five relatively simple problems in 
spatial structure which have been couched in 
programming terms. Part III will discuss more 
general recent studies, general in that they 
deal with regional aggregations of economic 
activities. These recent studies individually 
fall short of the comprehensiveness revealed 
in the books by Isard, Ponsard, and Lésch, but 
they extend work on location structures in sig- 
nificant ways. 

The ensuing discussion will present materi- 
als which may be quite unfamiliar to the 
reader. For this reason, a reader’s guide to the 
content of the discussion may be valuabie, 
even at the risk of some repetition. The first 
section of this discussion contains an analysis 
of asample problem. It shows how a problem 
couched verbally may be written algebraically 
as a linear programming problem. This is an 
essential idea. The ability to translate prob- 
lems into the linear programming format is 
responsible for the wide use of the method in 
recent research. This part of the essay contains 
summation signs and other algebraic symbols. 
The impatient reader or one who wishes to 
avoid the algebra might skip directly. to the 
last two paragraphs of the first part of the dis- 
cussion. These contain a summary of the char- 
acter of linear programming and references to 
the literature. 

The second section of the discussion shows 
how five problems have been treated in the 
linear programming format. This section con- 
tains references to the sample problem dis- 
cussed in the first section of the essay, but if 
the reader agrees that translation into the 
linear programming format is possible, much 
of this section may be read without a detailed 
reading of the first section. A number of fig- 
ures appear in this section which provide gen- 
eral statements of the problems treated by 
means of the linear programming format. 
These five problems have many counterparts 
in everyday geographical analysis. These 


counterparts have not been emphasized in this 
essay, but the writer hopes that the reader will 
let his imagination wander as the problems 
are presented. The final section summarizes 
the accomplishments represented by the five 
models and the use of linear programming. 


LINEAR PROGRAMMING AND PROBLEMS 
OF SPATIAL STRUCTURE 


Work on linear programming and related 
devices has been of great importance in model 
building for several purposes. The devices are 
relatively simple. Their generality has made 
them particularly relevant to the analysis of 
spatial systems, and they are used in much 
current work on spatial structure. Linear pro- 
gramming means just what the term implies. 
It is concerned with linear relations which take 
the form A + B= C. The term “programming” 
refers to following a set “program” to obtain a 
solution to the linear equations. 

A sample problem in spatial structure will 
serve to introduce the programming method 
and its use in problems of spatial structure. 
The sample problem might be thought of as a 
problem in administrative organization; it con- 
cerns the location of boundaries of urban trib- 
utary areas. Once the problem is written out, 
it may be seen that it is equivalent to a linear 
programming problem, that a solution for the 
linear programming problem is also a solution 
to the problem in spatial structure. 

The objective in this problem is to arrange 
the tributary areas of urban centers so that (1) 
the population of the tributary area of each 
urban center is proportional to the population 
of that center and (2) if the distances individ- 
uals are from their associated urban centers 
are summed, the total distance from urban 
centers is a minimum ( Fig. 1). This might be 
a desideratum, for example, for urban tribu- 
tary areas of post offices or school districts. It 
will be necessary to describe components of 
the problem in greater detail before it can be 
stated exactly. 

A study area contains urban centers and rural 
residences. There are m urban centers, num- 
bered 1, 2, and so on up to m. The rural resi- 
dences scattered through the rural portion of 
the area may be numbered 1, 2, and so on up 
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© Urban Centers 











Fic. 1. How should boundaries be drawn (1) so 
that the zone around each urban center contains a 
rural population proportional to the population of the 
urban center and (2) the sum of the distances from 
rural residences to assigned urban centers is a mini- 
mum? 


to n. The population of each urban center is 
known, as is the number of persons residing at 
each rural residence. Also, the distance from 
each rural residence to each urban center is 
known. In stating the problem, it will be con- 
venient for the total population of the urban 
centers to equal the total population of the 
rural area. Consider the population of each 
urban center as an adjusted population. Popu- 
lations of urban centers have been changed up 
or down so that total urban population is equal 
to total rural population, but the percentage 
distribution of population among urban cen- 
ters is unchanged. 

Recall that part of the objective of this prob- 
lem is to arrange the tributary areas of urban 
centers so that the size of the tributary area of 
each urban center is proportional to the size 
of that center. Use of adjusted populations 
described in the paragraph above allows this 
part of the objective to be stated: the popula- 
tion of each tributary area will be equal to the 
population of its associated urban center. 

In Table 1 urban centers are listed at the 
column heads and their populations are shown 
at the bottom of the table. Rural residences 
are numbered along the left-hand side of the 
table, and the right-hand column contains the 
number of persons residing at each residence. 
Each row in the table shows the distance from 
a rural residence to each urban center. Thus 
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the upper left hand “cell” of the table contains 
the distance, d,,, from the first residence to the 
first urban center. The next cell contains the 
distance from the first residence to the second 
urban center, etc.; u; is the population of 
urban center 1; r; is the population of rural 
residence number 1. These distances also can 
be discussed in a general way. For this reason 
the table notes the distance from the ith resi 
dence to the jth urban center. The variable is 
xi;, the number of persons in the ith rural resi- 
dence which a boundary assigns to the jth 
urban center. 

Since the number of persons assigned from 
the countryside to an urban center is to be 
equal to the population of that urban center, 
for urban center 1 the sum of the persons 
assigned from the rural residences to the first 
urban center must equal u;. In general terms, 


n 
> Xij — U; 
i=] 


j=1,... 


where capital sigma is a summation sign, and 
the subscripts indicate that the summation 
extends over the n rural places to determine 
the number of persons assigned to the jth 
urban center. This is the first general rule. 
Another rule stems from the objective of 

assigning every person at a rural residence to 
an urban place. Thus, for each residence the 
number of persons assigned to urban places 
must be equal to the number of persons within 
that residence. In algebraic terms, then, 

m 

> Xy=—% 

j=1 
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The fact that there are as many rural dwell- 
ers as there are persons in urban centers may 
be written: 

n m 
Sr = > Uj 
i=1 j=l 

Furthermore, since it makes no sense to 
have negative assignments of persons, there is 
the additional rule: 


i? ee 
j=1,...,m 


xy 20 


Also, it must be indicated that persons are to 
be assigned so that the sum over the distances 
persons are from their associated urban centers 
isa minimum. Recalling that the number of 
persons assigned from the ith residence to the 
ith urban center is x; and the associated dis- 
tance is d;;, this objective is: 


n m 
. 2 
i=1 j=1 


dixi;; = Minimum 


Here are two summation signs, since the sum- 
mation extends over all urban centers and all 
rural places. Without changing the sense of 
the problem, the equations may be collected 
and written: 


n m 
Minimize: > > dix = yA 
i=1 j=1 
m 
Subject to: & -xj > —1; 
j=l 
n 
> Xij 2m Uj 
i=] 


Xj 2 0 


A typical linear programming problem is 
written in the form shown below: 


Minimize: pix; + poxe +*** + pPrX, = Z 


Subject to: ay + Gyo%2 + °° * + AinX, > C1 


Am iX UI Am2X2 eteped. AnnXn 2 Cm 


x 20 3 ae 
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The form of these equations is exactly the same 
as the equations of the sample problem given 
previously (in the sample problem a; = 1 or 
0). Thus, the sample problem is equivalent to 
a linear programming problem. Since linear 
programming problems can be solved, the 
sample problem also can be solved. Also, it is 
known that if a solution exists for the linear 
programming problem given in the form 
above, then a solution exists for the problem 
identified by the set of equations written 
below: 


Maximize: ;C; + ete +°** + UmCm = Z 


Subject to: a,0; + do;02 +°** + dmiOm S pi 


QjnV1 a Aanb2 5 iliac a AmnUm < Pn 


v; 20 i 


In this problem the unknowns are the v’s, and 
the constants are the same as those that 
appeared in the previous problem, although 
rearranged. The metric of the v’s is deter- 
mined by the metrics of the constants. The 
maximum value found in the second problem 
is exactly the same as the minimum value 
found for the first problem. The minimization 
problem is regarded as the primal problem, 
and the maximization problem is regarded as 
the dual of the primal problem. (Or, if chief 
interest had been in the maximization prob- 
lem, the minimization problem would have 
been regarded as its dual.) 

Knowledge that the sample problem is 
equivalent to a linear programming problem 
gives an operational method of finding a solu- 
tion, as well as the information that there is an 
associated dual problem. The dual may be 
easier to compute than the primal problem, 
and be of interest for that matter. The dual 
may be of conceptual interest, since it formal- 
izes a companion problem to the one of chief 
interest. It also supplies sets of numbers bear- 
ing on the problem since a set of unknowns is 
associated with the dual. The review will 
refer frequently to the practicability of com- 
puting the programming problems and the 
existence of the dual to a primal formulation. 
Additional notions about the dual problem will 
be introduced where they are needed. 
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Briefly, the linear programming format fits 
a situation where some quantity is to be max- 
imized or minimized, subject to a set of rules 
or restraints. That quantity which is to be 
minimized or maximized is expressed in a 
single linear equation, the objective function. 
The rules or restraints are written down as a 
series of linear equations, a set of inequalities. 
Each linear programming problem has a com- 
panion problem, known as a dual. If the 
primal problem is a maximization problem, the 
dual problem is a minimization problem, and 
vice versa. 

The literature on linear programming is vol- 
uminous, although linear programming meth- 
ods have been available for only a few years. 
In the mathematical literature, an especially 
good advanced treatment is in a set of notes 
by A. W. Tucker,’ and introductory treatments 
also are available? Economists have been 
quick to seize upon linear programming. Dorf- 
man, Samuelson, and Solow have recently pub- 
lished an excellent book showing the wide 
applicability of linear programming in eco- 
nomics.* Linear programming papers also 
have appeared in the engineering literature, as 


1A. W. Tucker, Game Theory and Programming, 
National Science Foundation, Summer Mathematics 
Institute Notes (Stillwater: Dept. of Mathematics, 
Oklahoma A. and M. College, 1955). A more 
advanced treatment of the basic mathematics is avail- 
able in H. W. Kuhn and A. W. Tucker (eds.), Linear 
Inequalities and Related Systems, Annals of Mathe- 
matical Studies No. 38 (Princeton, N.J.: Princeton 
Univ. Press, 1956) and in Nos. 24 and 28 of this 
series. For a summary statement see A. W. Tucker's 
remarks on linear and nonlinear programming in 
“Symposium on Modern Techniques for Extremum 
Problems,” Operations Research, Vol. 5 (1957), pp. 
244-57. For bibliographies on linear programming 
see: F. Virginia Rohde, “Bibliography on Linear Pro- 
gramming,” Operations Research, Vol. 5 (1957), pp. 
45-62, and Harvey M. Wagner, “A Supplementary 
Bibliography on Linear Programming,” Operations 
Research, Vol. 5 (1957), pp. 555-63. 

2 John C. Kemeny, J. Laurie Snell, and Gerald L. 
Thompson, Introduction to Finite Mathematics ( Engle- 
wood Cliffs: Prentice-Hall, Inc., 1957), pp. 249-306. 

® Robert Dorfman, Paul A. Samuelson, and Robert 
M. Solow, Linear Programming and Economic Analy- 
sis (New York: McGraw-Hill Book Company, Inc., 
1958). A good expository paper is Alexander Hender- 
son and Robert Schlaifer, “Mathematical Program- 
ming,” Harvard Business Review, Vol. 32 (May-June, 
1954), pp. 73-100. A basic reference is T. C. Koop- 
mans (ed.), Activity Analysis of Production and Allo- 
cation, Cowles Commission Monograph 13 (New 
York: Wiley, 1951). 
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Fic. 2. How can supplies be moved to the points 
of demand at minimum transport cost? Unit cost of 
transportation on each route and supplies and demands 
are known. 
well as in recent issues of the journals Oper 
tions Research and Management Science. 


FIVE PROBLEMS IN SPATIAL STRUCTURE 


Five problems of spatial analysis, each of 
increasing complexity, are discussed below. 
The first is one in which everything is given 
except commodity flows. The following prob- 
lems treat more complex situations ultimately 
including several raw materials, plant locations 
and markets; indivisibilities of plants; and 
interdependence of locations. Even at this 
degree of complexity, though, the analysis i 
relatively simple, since these problems do not 
extend to regional complexes of industries. As 
mentioned before, these more complicated sit 
uations are postponed to Part III of this essay. 

1. The Transportation Problem. Given (1) 
supplying centers with known surpluses, (2) 
receiving places with known demands, and 
(3) connecting transportation routes with 
known transport costs, what is the least-cost 
method of moving surpluses to receiving places 
(Fig. 2)? This is known as the transportation 





problem. 


' obvious. ‘ 
tical in character to the sample problem dis- 





the point 
nit cost of 
1 demands 


s Opero- 
nce. 


URE 


each of 
- below. 
is given 
1g prob- 
timately 
ocations 
ts; and 
at this 
alysis is 
do not 
ries, As 
ited sit- 
S essay. 
yen (1) 
es, (2) 
Is, and 
s with 
ast-cost 
places 
tation 


REVIEW ARTICLES 475 


4 It is not complex because it involves 


only movements along transportation routes, 
supplies available, amounts demanded, and 
transportation costs. But even if it is not com- 


plex, solution of a large problem may not be 


This transportation problem is iden- 


cussed earlier. There, urban centers were 

ints of demand, the rural residences were 
points of supply; these were connected over a 
transportation route, and it was desired to 
achieve the linking of urban centers with rural 


| residences in the most efficient way, i.e., so 


that the least total distance would be travelled 
between urban centers and rural residences. 

An interesting recent study using the trans- 
portation problem has appeared in a mono- 
graph by James M. Henderson, The Efficiency 
of the Coal Industry, an Application of Linear 
Programming.® Henderson divided the United 
States into fourteen districts, eleven of which 


‘The problem is sometimes called the Hitchcock- 
Koopmans transportation model since it was independ- 
ently developed by these workers. T. C. Koopmans, 
“Optimum Utilization of the Transportation System,” 
Econometrica, Vol. 17, Supplement (July, 1949), pp. 
136-46. Frank L. Hitchcock, “The Distribution of a 
Product from Several Sources to Numerous Localities,” 
Journal of Mathematical Physics, Vol. 20 (1941), pp. 
224-30, Fels points out that the Soviet mathematician 
L. V. Kantorovich stated the problem in 1939. Eber- 
hard M. Fels, “Some Soviet Statistical Books of 1957,” 
Journal of the American Statistical Association, Vol. 54 
(March, 1959), p. 17. Marble has listel 70 references 
to the transportation and related problems. Duane F. 
Marble, “The Transportation Problem—A Bibliogra- 
phy” (mimeographed ), Dept. of Geography, University 
of Washington, June 1957. For computational meth- 
ods see: Edward H. Bowman and Robert B. Fetter, 
Analysis for Production Management (Homewood: 
Richard B. Irwin, 1957), H. S. Houthakker, “On the 
Numerical Solution of the Transportation Problem,” 
Operations Research, Vol. 3 (1955), pp. 210-14, or 
Milton M. Snodgrass and Charles E. French, “Simpli- 
fied Presentation of “Transportation Problem Proced- 
ure’ in Linear Programming,” Journal of Farm Eco- 
nomics, Vol. 39 (1957), pp. 40-51. Comments on the 
use of the transportation problem for plant location 
decisions are in Maurice Fulton and L. Clinton Hoch, 
“Transportation Factors Affecting Locational Deci- 
a Economic Geography, Vol. 35 (1959), pp. 58- 
59. 

*James M. Henderson, The Efficiency of the Coal 
Industry, An Application of Linear Programming 
(Cambridge: Harvard Univ. Press, 1958). xii and 
46 pp. Tables, bibliography. $4.50; “A  Short- 
mun Model for the Coal Industry,” and “Efficiency 
and Pricing in the Coal Industry,” Review of Econom- 
ics and Statistics, Vol. 37 (1955), pp. 336-46, and 
Vol. 38 (1956), pp. 50-60, 


produce significant amounts of coal, but since 
costs vary between underground and surface 
mining, Henderson identifies these activities 
separately and treats twenty-two coal-supply- 
ing areas. Since all fourteen of the districts 
consume coal, there are fourteen places to be 
supplied. 

What is the efficient pattern of interregional 
coal trade? Henderson answered this question 
via three solutions of the transportation prob- 
lem, one for 1947, another for 1949, and 
another for 1951. How efficiently does the 
coal industry perform? This question was 
answered by comparing the solutions of the 
transportation problem with actual patterns of 
coal flows. Since flows which vary from those 
displayed by the model presumably are less 
efficient than the theoretical flows, variations 
from the model are regarded as imperfections. 

Henderson points out that the pattern of 
flows determined by the model is that which 
would exist under conditions of perfect com- 
petition. The reader may refer to the dual of 
the sample problem discussed earlier. For 
Henderson’s problem the unknowns of the dual 
problem, the v;’s, would be in a price metric, 
since the vector (pipe,..., Pn) is in units of 
interregional transportation cost and the a;;’s 
= lor 0. Values of the v;’s are relative prices 
in exporting and receiving regions. Entrepre- 
neurs acting in terms of these “efficiency” or 
“comparative advantage” prices would solve 
the dual problem. Since the dual of this prob- 
lem is the problem in coal flows, the problem 
in coal flows would have been solved. 

A transportation problem with twenty-two 
sources and fourteen receiving places presents 
no particular computational difficulties. As is 
ably discussed by Henderson, the chief prob- 
lem for the analyst is the arrangement of the 
data so that the transportation problem format 
is meaningful. 

Treating the data may not be simple, how- 
ever, if there are large numbers of shipping 
and receiving places. In the case of wholesale 
drug centers and pharmacies, for example, in 
the United States or in a large region in the 
United States, so many shipping and receiv- 
ing places would be involved that some 
approximations might be essential. Marcello 
Vidale® has provided a graphical solution of 

®M. L. Vidale, “A Graphical Solution for the Trans- 


portation Problem,” Operations Research, Vol. 4 
(1956), pp. 193-203. 
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Fic. 3. Vidale’s problem is solved by systematic 
displacement of trade area boundaries. 


the problem for cases such as this. Vidale 
utilizes transportation cost maps, difference 
maps (maps showing cost differentials for 
shipping products from two sources ), and con- 
sumption maps. A promising topological con- 
figuration of market areas is selected, and 
boundaries are displaced until a solution is 
found (Fig. 3). If the solution cannot be 
found, another topological configuration for 
market areas is selected, and boundaries are 
displaced in search of a solution. The selection 
of topologically promising market areas and 
boundary displacements continues until the 
solution is found. Vidale states that once the 
difference and consumption maps are avail- 
able, a market division with from five to seven 
sources and over a thousand consuming cen- 
ters could be performed in a few hours, 

2. Spatial Price Equilibrium. The spatial 
price equilibrium problem, like the transporta- 
tion problem, is concerned with flows between 
regions, but both amounts to be shipped and 
received and regional prices are to be deter- 
mined by the model, in addition to the orienta- 
tion of flows. In the problem the locations 
of transportation routes and supplying and 
receiving points, as well as transportation 
costs, are known. It is desired to find the 
amount shipped along transportation routes 
under a least-cost program, subject, of course, 
to conditions that supplies be shipped and 
demands be met. Supplies and demands are 
functions of price, and these relationships also 


Decembe; 


are known. A simple example will serve as an 
illustration. 

Suppose A is a surplus region and B is a 
deficit region, and the transportation Cost 
between these regions is 50 cents per uni 
shipped. A has 100 units and B has 95 uni 
and the prices respectively are $1.00 and $25) 
per unit. How much will be shipped betwee: 
A and B? This is an easy question to answer. 
A will ship to B until the price in A rises ani 
that in B falls and prices in the regions ar 
separated by transportation costs. If Prices 
were to shift further, then A could not ship t 
B and overcome the transportation cost of F | 
cents per unit. How rapidly will the price 
shift? This depends on the relations betwee 
price and supply. If this relationship is given 
by P = 300 - 20, then after A ships 25 units tp 
B the price at A is $1.50 per unit and that at 
is $2.00 per unit. The amount shipped and 
prices are determined. 

The spatial price equilibrium problem js 
sometimes described as the Enke-Samuelson 
problem since the problem was first investi 
gated by Enke using an analogue,’ and San. 
uelson showed how Enke’s problem could be 
stated as a linear programming problem.’ Fox 
and Fox and Taeuber have worked out trade 
movements for livestock feeds, * 1° Judge has 
produced a study of the movement of eggs," 
and Morrill has made a study of the movement 
of wheat and flour.’? These are cases in which 
supply and deficit regions are separated over 


7 Stephen Enke, “Equilibrium Among Spatially Sep- 
arated Markets: Solution by Electric Analogues, 
Econometrica, Vol. 19 (1951), pp. 40-48. 

8 Paul A. Samuelson, “Spatial Price Equilibrium and 
Linear Programming,” American Economic Review, 
Vol. 42 (1952), pp. 283-303. 

® Karl A. Fox, “A Spatial Equilibrium Model of the 
Livestock-Feed Economy of the United States, Econ- 
metrica, Vol. 21 (1953), pp. 547-66. 

10Karl A. Fox and Richard C. Taeuber, “Spatial 
Equilibrium Models of the Livestock-Feed Economy, 
American Economic Review, Vol. 40 (1955), pp. 58+ 
608. 

11 George G. Judge, Competitive Position of the 
Connecticut Poultry Industry—A Spatial Equilibrium 
Model for Eggs (Bull. 318, Storrs Agri. Expt. Station, 
1956). 

12 Richard L. Morrill, “An Experimental Study 
Trade in Wheat and Flour in the United States, 
unpublished M.A. thesis, Dept. of Geography, Univer 
sity of Washington, 1957. Also, Richard L. Morrill 
and William L. Garrison, “Projections of Inter 
regional Patterns of Trade in Wheat and Flour, 
Economic Geography (forthcoming). 
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Fic. 4. Morrill postulated a decrease in highway 
transportation costs. He then solved the spatial price 
equilibrium problem for the distribution of medical 
services and associated trade areas. 


large areas and movements are interregional 
in scope. 

Morrill also has studied market areas for 
physicians’ services using the spatial price 
equilibrium model (Fig. 4).1* This is an 
arrangement similar to Vidale’s problem and 
the sample problem discussed earlier. Mor- 
rill’s work varies in scale from interregional 
movements on a national level to movements 
in Seattle, Washington. Judge and Wallace 
have written on the computation of price 
equilibrium models,'* and Orr has noted some 
of the relationships between theories of loca- 
tion and transportation rates and the spatial 
price equilibrium model.'® 


Published in William L. Garrison, Brian J. L. 
Berry, Duane F. Marble, John Nystuen, and Richard 
Morrill, Studies of Highway Development and Geo- 
graphic Change (Seattle: University of Washington 
Press, 1959). For an expository discussion of this 
problem and related problems see, William L. Garri- 
son, “Three Highway Impact Problems,” forthcoming 
in a Bulletin of the Highway Research Board (Wash- 
ington, NAS-NRC, 1959). 

“George G. Judge and T. D. Wallace, “Estimation 
of Spatial Price Equilibrium Models,” Journal of Farm 
Economics, Vol. 40 (Nov. 1958), pp. 801-20. 

“Earle W. Orr, “A Synthesis of Theories of Loca- 
tion, of Transportation Rates, and of Spatial Price 
Equilibrium,” Papers and Proceedings, Regional Sci- 
ence Association, Vol. 3 (1957), pp. 61-73. For an 
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Fic. 5. After markets are assigned to warehouses 
using the transportation problem, Wester and Kant- 
ner shift warehouse locations using a method equiva- 
lent to Weber’s force table analogue. 


3. Determining both Locations and Flows. 
The location of the shipping point may also be 
one of the unknowns to be determined. For 
example, how can one determine the location 
of a set of warehouses? If the locations of cus- 
tomers are known, where should warehouses 
be located in order to minimize the cost of 
distributing goods from customers to the ware- 
house? Wester and Kantner and Brink and 
de Cani have suggested methods applicable 
to the case when customer demands are 
known and the capacity of each warehouse as 
well as its location is to be found.'*- * In the 
Wester and Kantner scheme the anaivst 
selects starting positions and capacities for the 


application see William L. Garrison and Duane F. 
Marble,” Analysis of Highway Networks: A Linear 
Programming Formulation,” Highway Research Board, 
Proceedings, Vol. 37 (1958), pp. 1-17. 

‘8 Leon Wester and Harold H. Kantner, “Optimal 
Location—Allocation,” paper read at the Boston Meet- 
ing, Operations Research Society of America, 1958 
(mimeographed; Chicago: Armour Research Founda- 
tion of Illinois Institute of Technology, 1958 ) 

‘T Edward L. Brink and John.S. de Cani, “An Ana- 
logue Solution of the Generalized Transportation Prob- 
lem with Specific Application te Marketing Location,” 
Proceedings of the First International Conference on 
Operational Research (Baltimore: , Operations Re- 
search Society of America, L957), pp. 125-36. 
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Fic. 6. Goods are shipped from factories through 
warehouses to customers. Given transportation cost 
on each route, warehouse costs, and supplies and 
demands, what pattern of shipments meets demands 
at least cost? 


warehouses and then allocates customers using 
the transportation model. Next, each ware- 
house is located optimally relative to its cus- 
tomers by computations equivalent to those 
used by Weber (Fig. 5).’* Finally, capacities 
are reassigned among warehouses according to 
the rule that each customer is to be served 
from the closest warehouse. These three steps 
are repeated, and, since each step reduces total 
transportation cost, the computations converge 
toward the optimal spacing of warehouses 
within customer tributary areas. The Brink 
and de Cani scheme uses an analogue com- 
puter to solve essentially the same problem. 

Baumol and Wolfe have considered prob- 
lems in which warehouses are intermediate 
between factories and ultimate consumers and 
it is desired to minimize the total delivery 
cost—delivery from the factory to the ware- 

2* Alfred Weber, Ueber den Standort der Industrien 
(Titbingen, 1904), translated by C. J. Friedrich as 
Alfred Weber's Theory of the Location of Industry 
(Chicago: Univ. of Chicago Press, 1925). 
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house, within-warehouse cost, and deliver, 
from the warehouse to the ultimate Consume; 
(Fig. 6)."° This problem is very similar to 4, 
transportation problem since transportatio, 
costs may be considered to be the agregar 
costs of a flow from a factory through a ge. 
cific warehouse (including inventory Cost) ty 
an ultimate consumer. On the other hand, th, 
problem may become complex if the yj 
inventory cost within warehouses is a functio, 
of the number of units passing through th 
warehouse.” In this situation, the cost fun. 
tion becomes nonlinear, and computatiq 
becomes difficult. Baumol and Wolfe hay 
suggested an iterative technique for this prob. 
lem, and they have supplied an _ illustratiy 
small-scale computation. 

Walter Fisher has treated an even mor 
general problem.*! Fisher imagines a situation 
in which the amount demanded by customers 
will depend on the delivery cost—the higher 
the delivery cost the less will be demanded 
Also, the greater the number of warehous« 
the greater the unit cost of warehousing. Ther 
are two things appealing about Fisher's prob. 
lem: (1) it is more general than other state. 
ments of the problem; and (2) Fisher treat 
the problem from the formal point of view of 
aggregation problems, i.e., he recognizes the 
problem of spatial aggregation as part of a 
larger and more general aggregation problen 
In special cases the computation of Fishers 
problem would be straightforward, but 
method of computation is given for the general 
problem. 

4. Raw Materials, Plants, and Markets 
Goldman has discussed the problem of the 
efficient transportation of several goods when 
one good may be hauled as a backhaul from 


19 William J. Baumol and Philip Wolfe, “A Ware 
house-Location Problem,” Operations Research, Vol. 
(1958), pp. 252-63. A similar problem is treated in 
Kenneth S. Kretschmer, On the Warehouse Location 
Problem (Computation and Data Processing Center, 
University of Pittsburgh, 1958). Processed, 8 pp. 

2° Generally, large warehouses are more efficiest 
than small warehouses because the use of many wate 
houses increases bookkeeping and other administr 
tive costs, and may increase the amount of inventor) 
to be held against the flow of shipments. 

21 Walter D. Fisher, “Economic Aggregation # 
Minimum Distance,” paper read at the Detroit Mee 
ing, Econometric Society, 1956, abstract in Econ: 
metrica, Vol. 25 (1957), p. 363. 








lustrative 


yen more 
Situation 
ustomers 
1e higher 
>manded. 
rehouses 
1g. There 
I'S prob- 
ler state. 
er treats 
F view of 
nizes the 
art of a 
problem 
Fisher’ 
but no 
> general 


Markets, 
1 of the 
ds when 
ul from 


‘A Ware- 
h, Vol. 6 
reated in 
Location 


8 pp. 
efficient 
ny ware: 
ministra- 
inventor) 
ation 4 
rit Meet- 
1 Econo 


Review ARTICLES 











an Demand For Iron And Steel 


Transport Routes 











Fic. 7. Where should iron and steel capacity be 
located in order to meet demands for iron and steel 
at least cost? Availability of “backhaul” cargo space 
affects the minimum cost solution. 


another good.?? He proposes that one island 
has coal, another has iron ore, another has 
limestone, and each demands steel products. 
He then asks where production should be 
located and thus flows oriented, so that steel 
is available in the desired amounts at the least 
transportation cost (Fig. 7). This obviously is 
a complex problem, since the location of pro- 
duction on any one island would make avail- 
able empty bottoms for shipping raw materi- 
als and finished products from that island. 
Although Goldman’s problem is written in 
terms of production technology and cost which 
do not vary between islands, the model could 
be readily adapted to include these variations 
and should be applicable to the analysis of 
industrial combines such as the Southern 
Urals-Kuznetsk iron and steel developments. 


“Thomas A. Goldman, “Efficient Transportation 
and Industrial Location,” Papers and Proceedings, 
ar, Science Association, Vol. 4 (1958), pp. 91- 
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(2) ® Raw Materials 
are 


Fic. 8. There are several raw materials, factories, 
and markets. What flow pattern will meet market 
demands at minimum cost, without violating capacity 
limitations on factories and raw materials? 











Beckmann and Marschak have provided a 
model of raw material flows from production 
sites to manufacturing plants and finished 
product flows from manufacturing plants to 
markets (Fig. 8).2* This model complements 
Goldman's, since it stresses aspects of the 
problem other than backhauls. The following 
are given: (1) several raw materials and a 
number of sources of each raw material, (2) 
several processing plants, and (3) a number of 
final markets. Limitations on production at 
each raw material site and on plant capacity 
restrict the amount of final product that can 
be sold at the final market. Costs of transpor- 
tation and raw material and finished product 
prices are given. The objective is to select 
those raw material and finished product flows 


“8 Martin J. Beckmann and Thomas Marschak, “An 
Activity Analysis Approach to Location Theory,” Pro- 
ceedings, Second Symposium in Linear Programming 
(Washington: National Bureau of Standards, 1955), 
pp. 331-79. Revised version published in Kyklos, Vol. 
8 (1955), pp. 125-43. 
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OC) Locations 


Fic. 9. Five plants are to be assigned to five loca- 
tions. There are 5*4*3-2*1 = 120 ways this may be 
done. In the linear assignment problem the profitabil- 
ity of one plant at a location is not affected by the 
location of other plants, but the profitability of a given 
plant varies from location to location. The problem is 
to select from the 120 different location patterns that 
pattern which maximizes the combined profitabilities 
of the plants. 











which will maximize net revenue. Gross 
product is obtained by multiplying the price 
obtained in each market by the number of 
units delivered. From this, cost of resources 
and transportation must be subtracted to obtain 
net revenue. In addition to the restraints on 
capacity noted earlier, the problem includes 
the condition that finished products shipped 
from each plant may not be greater in amount 
than that permitted by the inputs of raw 
materials. Again, this is a linear model which 
can be stated in a linear programming prob- 
lem and for which an optimum solution can be 
obtained. 

5. Indivisibilities and Interdependence. 
Koopmans and Beckmann have investigated 
problems of assigning n manufacturing plants 
to n locations in such a way as to maximize the 
combined profits of the plants.** This problem 
is of interest from the point of view of loca- 





* Tjalling C. Koopmans and Martin Beckmann, 
“Assignment Problems and the Location of Economic 
Activities, Econometrica, Vol. 25 (Jan., 1957), pp. 53- 
76. 
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Plant A is Assigned to Location 2, 
B to 1, C to 5, D to 4, E to 3. 














Fic. 10. Examples of profitability and permutation 
matrices. 


tion questions, and also bears on a broader set 
of problems known as “assignment problems 
(e.g., assigning workers to machines s0 4 
to maximize production). Indivisibilities are 
stressed since there is no possibility of assign- 
ing parts of plants to locations. Also, inter- 
dependence is stressed since the assignment of 
one plant may affect the profitabilities of 
plants assigned to other locations (Fig. 9). 
There are two parts to the analysis. 
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first ignores the possibility of interdependence 
of profits and stresses indivisibilities. This is 
termed the “linear assignment problem,” and 
| it can be formulated as a problem in permuta- 
tion matrices, or linear programming, or as a 
zero-sum two-person game. The profitability 
of plant k at location i is dx: (ki =1,...,), 
a, is independent of the location of other 
plants. Feasible assignments are represented 
by permutation matrices, P = (px), each row 
and column of which contain a single element 
land zeros elsewhere. The problem is to find 









A A 
a permutation matrix P = (pm) such that 





3 gupu < > OuiPri This problem is mathe- 
ki i 

matically trivial since there are n! permutation 
matrices and the answer may be found by 
inspection (Fig. 10). However, since for more 
than a handful of plants and locations n/! 
would be so large that evaluation of each per- 
mutation matrix would not be feasible, the 
permutation matrix approach does not yield a 
practicable computation method. 

The linear programming problem is formed 
by ignoring the indivisibility of plants and im- 
agining that fraction x,; of the kth plant may be 
assigned to the ith location. The linear program- 
ming problem is to choose x;; so as to maximize: 
3 Xeni; subject mo: 2 XK = 1; 0s Xi = 5. 
kji 
It is then shown that the solution of this prob- 
lem is the solution of the linear assignment 
problem. Although fractions of plants are 
imagined, only whole plants are assigned in 
the optimum solution. Koopmans and Beck- 
mann also present a note on a zero-sum two- 
person game which Von Neumann has shown 
to be equivalent to the linear assignment prob- 
lem. 
nutation When transportation between plants is con- 
sidered, the profitability at one plant becomes 
dependent upon the location of other plants. 
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assign- tatic assignment problem since elements of 
inter- the permutation matrix enter into the transpor- 
ent of @ ‘ation cost term more than once. The solution 
ies of § of this problem in terms of permutation mat- 
9). tices would be extremely difficult. 

- The The associated linear programming prob- 
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lem formulated by allowing fractional assign- 
ments is shown to be one which cannot be a 
solution to the problem in permutation mat- 
rices. Consequently, linear programming does 
not offer a computation method for this prob- 
lem. Also, Koopmans and Beckmann reach 
certain conclusions regarding the price system 
and the location system. These will be noted 
shortly. 


ACCOMPLISHMENTS 


Although the models are restricted in scope 
and do not provide a complete location theory, 
they represent marked operational and con- 
ceptual progress. They also present some 
obvious liabilities. One of these is that they are 
couched in terms of a spatial system consisting 
of points and lines; another is that they deal 
‘with “instant-in-time” or static situations. 
~The transportation problem serves as a case 
in point. Supplying areas and receiving places 
are treated as points which are connected by 
lines. In Henderson’s treatment of the coal 
industry, for example, the coal-producing 
areas were treated as if all production in a 
given area was located at a given point. That 
point was connected with each market, with 
the markets also treated as points, by transpor- 
tation routes which were lines.2> When the 
transportation problem was applied to the 
sample problem, the objective was to find 
boundaries. The boundaries were not really 
found, of course. Individuals at points (rural 
residences) were “shipped” to other points 
(urban centers). The solution of the problem 
finds the connections but does not draw the 
boundaries. Except for cases where peculi- 
arities of shipping cost occasion overlapping of 
trade areas, it would be a simple matter to 
draw boundaries enclosing connected points. 
But boundaries around points may be drawn 
in many configurations. If there were added 
requirements, such as the requirement that the 
total length of boundaries be a minimum, then 
some unsolved problems might arise. 

The models are static in that certain things 
are taken as given, such as the location of 
transportation routes or the availability of 
plant capacity. Even in the spatial price 
equilibrium model, where the amounts to be 





*° For an example of treatment of continuous space 
see Martin Beckmann, “A Continuous Model of Trans- 
portation,” Econometrica, Vol. 20 (1952), pp. 643-60. 
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supplied and amounts demanded are not 
given, the locations of production, consump- 
tion, and transportation routes, and supply and 
demand functions are given. Thus these mod- 
els cut across the location structure at an 
instant in time. Much significant work has 
been done with dynamic models, but most 
dynamic questions remain obscure in this field 
as elsewhere. 

Part I of this review noted that one achieve- 
ment in the recent literature has been estab- 
lishment of location patterns using concepts 
from location theory (see especially Isard’s 
final chapter). The five problems just dis- 
cussed also accomplish this. They provide 
patterns of flows and locations; in short, loca- 
tion systems. Goldman’s treatment of back- 
hauls, together with the Beckmann and Mar- 
schak model, for example, lays out the location 
system in terms of interdependence of com- 
modity flows on the transportation system. 
. This is a real accomplishment over previous 
statements in the tradition of Weber, which 
emphasize weights of goods hauled and 
weight-losing (or -gaining) characteristics of 
manufacturing. 

It was also mentioned in Part I of this dis- 
cussion that an accomplishment of Isard’s book 
was the treatment of transport input within 
the context of the economist’s substitution 
analysis. Linear programming models also 
allow economic analysis. The transportation 
problem, for example, has as its dual a prob- 
lem in price differences between originating 
and receiving areas. The objective function of 
the dual problem maximizes the difference 
between regional prices. Other equations of 
the dual problem specify price differences that 
must exist for flows to occur. Indeed, the 
transportation problem may be thought of as 
a problem in regional price structures (the 
dual) or as a problem in commodity flows 
(the primal). In the spatial price equilibrium 
problem, information from the dual is used to 
determine regional prices and, thus, amounts 
supplied and demanded. In Henderson’s prob- 
lem, information from the dual was used to 
suggest pricing systems in the coal industry. 
In the Koopmans and Beckmann linear assign- 
ment problem, the authors discussed the char- 


acter of the dual in great detail. They notg) 
the market will produce rents which solve 
dual and thus cause an optimal assignmes 
plants. A linear programming formulatiog 
not solve the Koopmans and Beckmann @ 
ratic assignment problem (viz., when | 
indivisibilities and interdependence are | 
sidered ); so the authors are pessimistic 
the ability of the market system to sust, 
optimal assignment of plants to locations! 
Other remarks could be made regard 
duals of problems discussed earlier, but) 
most important to emphasize that probl 
couched in linear programming terms dig 
the price interdependences associated with 
location system in a manner which 
possible before. : 
Utilization of linear programming mé 
has given an operational character to g 
lems of location structure. This is not to 
that all the problems discussed can be re 
solved, for nonlinear problems generally’ 
sent computational difficulties. Koop 
and Beckmann’s quadratic assignment 9 
lem, for example, defies computation, as} 
Fisher's problem. However, in certain @ 
such as that of Baumol’s model, nonlil 
problems can be solved. " 
The size of the problem might prove @ 
iting feature to some of the models. Vid 
graphic methods suggest one way of tre 
problems which are very large. The ¥ 
“very” really should be capitalized. | 
writer knows of one problem which inv 
an equation system with 1,555 columns} 
195 rows.”7 Since it was possible to ioe ¢ 
computing with this model, all models s 
than this may be characterized as comput 
The real operational problem is fitting a 
research question within a programming! 
mat. “3 


26 For elaboration of the significance of this 
see Charles M. Tiebout, “Location Theory, 
Evidence, and Economic Evolution,” Papers an@ 
ceedings, Regional Science Association, Vol. 3(m 
pp. 74-86. 

27 Thomas A. Marschak, “A Spatial Model of 
Petroleum Refining,” U.S. Air Force, Project I 
Research Memorandum, RM-2205, June, 1958. 
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